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ABSTRACT 

Compositions and methods for the therapy and diagnosis of 
cancer, particularly lung cancer, are disclosed. Illustrative 
compositions comprise one or more lung tumor polypeptides, 
immunogenic portions thereof, polynucleotides that encode 
Such polypeptides, antigen presenting cell that expresses Such 
polypeptides, and T cells that are specific for cells expressing 
Such polypeptides. The disclosed compositions are useful, for 
example, in the diagnosis, prevention and/or treatment of 
diseases, particularly lung cancer. 
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COMPOSITIONS AND METHODS FOR THE 
THERAPY AND DAGNOSIS OF LUNG 

CANCER 

0001 
ING 
0002 The Sequence Listing associated with this applica 
tion is provided in text format in lieu of a paper copy, and is 
hereby incorporated by reference into the specification. The 
name of the text file containing the Sequence Listing is 
210121455C26 SEQUENCE LISTING..txt. The text file is 
610 KB, was created on Jun. 7, 2010, and is being submitted 
electronically via EFS-Web, concurrent with the filing of the 
specification. 

STATEMENT REGARDING SEQUENCE LIST 

TECHNICAL FIELD OF THE INVENTION 

0003. The present invention relates generally to therapy 
and diagnosis of cancer, such as lung cancer. The invention is 
more specifically related to polypeptides, comprising at least 
a portion of a lung tumor protein, and to polynucleotides 
encoding Such polypeptides. Such polypeptides and poly 
nucleotides are useful in pharmaceutical compositions, e.g., 
vaccines, and other compositions for the diagnosis and treat 
ment of lung cancer. 

BACKGROUND OF THE INVENTION 

0004. 1. Field of the Invention 
0005 Cancer is a significant health problem throughout 
the world. Although advances have been made in detection 
and therapy of cancer, no vaccine or other universally Suc 
cessful method for prevention and/or treatment is currently 
available. Current therapies, which are generally based on a 
combination of chemotherapy or Surgery and radiation, con 
tinue to prove inadequate in many patients. 
0006 2. Description of Related Art 
0007 Lung cancer is the primary cause of cancer death 
among both men and women in the U.S., with an estimated 
172,000 new cases being reported in 1994. The five-year 
Survival rate among all lung cancer patients, regardless of the 
stage of disease at diagnosis, is only 13%. This contrasts with 
a five-year survival rate of 46% among cases detected while 
the disease is still localized. However, only 16% of lung 
cancers are discovered before the disease has spread. 
0008. In spite of considerable research into therapies for 
these and other cancers, lung cancer remains difficult to diag 
nose and treat effectively. Accordingly, there is a need in the 
art for improved methods for detecting and treating Such 
cancers. The present invention fulfills these needs and further 
provides other related advantages. 

SUMMARY OF THE INVENTION 

0009. In one aspect, the present invention provides poly 
nucleotide compositions comprising a sequence selected 
from the group consisting of 
0010 (a) sequences provided in SEQ ID NO:1-3, 6-8, 
10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 54, 55, 57-59, 61-69, 
71, 73,74, 77, 78, 80-82, 84, 86-96, 107-109, 111, 113, 125, 
127, 128, 129, 131-133, 142, 144, 148-151, 153, 154, 157, 
158, 160, 167, 168, 171, 179, 182, 184-186, 188-191, 193, 
194, 198-207, 209, 210, 213, 214, 217, 220-224, 253-337, 
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345, 347, 349, 358, 362,364, 365, 368, 370-375, 420, 424, 
428, 431, 434, 442, 447, 450, 467, 478, 479, 483, 485, and 
489: 
0011 (b) complements of the sequences provided in SEQ 
ID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 54, 
55, 57-59, 61-69, 71, 73, 74, 77, 78, 80-82, 84, 86-96, 107 
109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 148 
151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 184 
186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 217, 
220-224, 253-337, 345, 347, 349, 358, 362,364, 365, 368, 
370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 478, 
479, 483, 485, and 489: 
0012 (c) sequences consisting of at least 10, 15, 20, 25, 
30, 35, 40, 45, 50, 75 and 100 contiguous residues of a 
sequence provided in SEQID NO:1-3, 6-8, 10-13, 15-27,29, 
30, 32, 34-49, 51, 52,54, 55, 57-59, 61-69, 71, 73,74, 77,78, 
80-82, 84, 86-96, 107-109, 111, 113, 125, 127, 128, 129, 
131-133, 142, 144, 148-151, 153, 154, 157, 158, 160, 167, 
168, 171, 179, 182, 184-186, 188-191, 193, 194, 198-207, 
209, 210, 213, 214, 217, 220-224, 253-337, 345, 347, 349, 
358, 362,364, 365, 368, 370-375, 420, 424, 428,431, 434, 
442, 447, 450, 467, 478,479, 483, 485, and 489: 
0013 (d) sequences that hybridize to a sequence provided 
in SEQID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 
52, 54, 55, 57-59, 61-69, 71, 73,74, 77,78, 80-82, 84, 86-96, 
107-109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 
148-151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 
184-186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 
217, 220-224, 253-337,345, 347, 349, 358, 362,364, 365, 
368, 370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 
478,479, 483, 485, and 489, under moderate or highly strin 
gent conditions; 
(0014) (e) sequences having at least 75%, 80%, 85%, 90%, 
95%, 96%, 97%, 98% or 99% identity to a sequence of SEQ 
ID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 54, 
55, 57-59, 61-69, 71, 73, 74, 77, 78, 80-82, 84, 86-96, 107 
109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 148 
151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 184 
186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 217, 
220-224, 253-337, 345, 347, 349, 358, 362,364, 365, 368, 
370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 478, 
479, 483, 485, and 489; and 
00.15 (f) degenerate variants of a sequence provided in 
SEQID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 
54, 55, 57-59, 61-69, 71, 73, 74, 77, 78, 80-82, 84, 86-96, 
107-109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 
148-151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 
184-186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 
217, 220-224, 253-337, 345, 347, 349, 358, 362,364, 365, 
368, 370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 
478,479, 483, 485, and 489. 
0016. In one preferred embodiment, the polynucleotide 
compositions of the invention are expressed in at least about 
20%, more preferably in at least about 30%, and most pref 
erably in at least about 50% of lung tumors samples tested, at 
a level that is at least about 2-fold, preferably at least about 
5-fold, and most preferably at least about 10-fold higher than 
that for normal tissues. 
0017. The present invention, in another aspect, provides 
polypeptide compositions comprising an amino acid 
sequence that is encoded by a polynucleotide sequence 
described above. 
0018. The present invention further provides polypeptide 
compositions comprising an amino acid sequence selected 
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from the group consisting of sequences recited in SEQ ID 
NO:152, 155, 156, 165, 166, 169, 170, 172, 174, 176,226 
252, 338-344, 346, 350,357, 361, 363, 365, 367, 369,376 
382, 387-419, 423, 427, 430, 433, 441, 443, 446, 449, 451 
466, 468-477, 480-482, 484, 486, 490-560 and 561-563. 
0019. In certain preferred embodiments, the polypeptides 
and/or polynucleotides of the present invention are immuno 
genic, i.e., they are capable of eliciting an immune response, 
particularly a humoral and/or cellular immune response, as 
further described herein. 
0020. The present invention further provides fragments, 
variants and/or derivatives of the disclosed polypeptide and/ 
or polynucleotide sequences, wherein the fragments, variants 
and/or derivatives preferably have a level of immunogenic 
activity of at least about 50%, preferably at least about 70% 
and more preferably at least about 90% of the level of immu 
nogenic activity of a polypeptide sequence set forth in SEQ 
ID NO:152, 155, 156, 165, 166, 169, 170, 172, 174, 176, 
226-252, 338-344, 346, 350, 357, 361, 363, 365, 367, 369, 
376-382, 387-419, 423, 427, 430, 433, 441, 443, 446, 449, 
451-466, 486, 490-560 and 561-563, or a polypeptide 
sequence encoded by a polynucleotide sequence set forth in 
SEQID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51,52, 
54, 55, 57-59, 61-69, 71, 73, 74, 77, 78, 80-82, 84, 86-96, 
107-109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 
148-151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 
184-186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 
217, 220-224, 253-337, 345, 347, 349, 358, 362,364, 365, 
368, 370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 
478,479, 483, 485, and 489. 
0021. The present invention further provides polynucle 
otides that encode a polypeptide described above, expression 
vectors comprising Such polynucleotides and host cells trans 
formed or transfected with such expression vectors. 
0022. Within other aspects, the present invention provides 
pharmaceutical compositions comprising a polypeptide or 
polynucleotide as described above and a physiologically 
acceptable carrier. 
0023. Within a related aspect of the present invention, the 
pharmaceutical compositions, e.g., vaccine compositions, are 
provided for prophylactic or therapeutic applications. Such 
compositions generally comprise an immunogenic polypep 
tide or polynucleotide of the invention and an immunostimu 
lant, Such as an adjuvant. 
0024. The present invention further provides pharmaceu 

tical compositions that comprise: (a) an antibody or antigen 
binding fragment thereofthat specifically binds to a polypep 
tide of the present invention, or a fragment thereof, and (b) a 
physiologically acceptable carrier. 
0025. Within further aspects, the present invention pro 
vides pharmaceutical compositions comprising: (a) an anti 
gen presenting cell that expresses a polypeptide as described 
above and (b) a pharmaceutically acceptable carrier or excipi 
ent. Illustrative antigen presenting cells include dendritic 
cells, macrophages, monocytes, fibroblasts and B cells. 
0026. Within related aspects, pharmaceutical composi 
tions are provided that comprise: (a) an antigen presenting 
cell that expresses a polypeptideas described above and (b)an 
immunostimulant. 
0027. The present invention further provides, in other 
aspects, fusion proteins that comprise at least one polypeptide 
as described above, as well as polynucleotides encoding Such 
fusion proteins, typically in the form of pharmaceutical com 
positions, e.g., vaccine compositions, comprising a physi 
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ologically acceptable carrier and/or an immunostimulant. 
The fusions proteins may comprise multiple immunogenic 
polypeptides or portions/variants thereof, as described 
herein, and may further comprise one or more polypeptide 
segments for facilitating the expression, purification and/or 
immunogenicity of the polypeptide(s). 
0028. Within further aspects, the present invention pro 
vides methods for stimulating an immune response in a 
patient, preferably a T cell response in a human patient, 
comprising administering a pharmaceutical composition 
described herein. The patient may be afflicted with lung can 
cer, in which case the methods provide treatment for the 
disease, or patient considered at risk for Such a disease may be 
treated prophylactically. 
0029. Within further aspects, the present invention pro 
vides methods for inhibiting the development of a cancer in a 
patient, comprising administering to a patient a pharmaceu 
tical composition as recited above. The patient may be 
afflicted with lung cancer, in which case the methods provide 
treatment for the disease, or patient considered at risk for Such 
a disease may be treated prophylactically. 
0030 The present invention further provides, within other 
aspects, methods for removing tumor cells from a biological 
sample, comprising contacting a biological sample with T 
cells that specifically react with a polypeptide of the present 
invention, wherein the step of contacting is performed under 
conditions and for a time sufficient to permit the removal of 
cells expressing the protein from the sample. 
0031. Within related aspects, methods are provided for 
inhibiting the development of a cancer in a patient, compris 
ing administering to a patient a biological sample treated as 
described above. 
0032 Methods are further provided, within other aspects, 
for stimulating and/or expanding T cells specific for a 
polypeptide of the present invention, comprising contacting T 
cells with one or more of: (i) a polypeptide as described 
above; (ii) a polynucleotide encoding Such a polypeptide; 
and/or (iii) an antigen presenting cell that expresses such a 
polypeptide; under conditions and for a time Sufficient to 
permit the stimulation and/or expansion of T cells. Isolated T 
cell populations comprising T cells prepared as described 
above are also provided. 
0033. Within further aspects, the present invention pro 
vides methods for inhibiting the development of a cancer in a 
patient, comprising administering to a patient an effective 
amount of a T cell population as described above. 
0034. The present invention further provides methods for 
inhibiting the development of a cancer in a patient, compris 
ing the steps of: (a) incubating CD4 and/or CD8" T cells 
isolated from a patient with one or more of: (i) a polypeptide 
comprising at least an immunogenic portion of polypeptide 
disclosed herein; (ii) a polynucleotide encoding Such a 
polypeptide; and (iii) an antigen-presenting cell that 
expressed Such a polypeptide; and (b) administering to the 
patient an effective amount of the proliferated T cells, and 
thereby inhibiting the development of a cancer in the patient. 
Proliferated cells may, but need not, be cloned prior to admin 
istration to the patient. 
0035. Within further aspects, the present invention pro 
vides methods for determining the presence or absence of a 
cancer, preferably a lung cancer, in a patient comprising: (a) 
contacting a biological sample obtained from a patient with a 
binding agent that binds to a polypeptide as recited above; (b) 
detecting in the sample an amount of polypeptide that binds to 
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the binding agent; and (c) comparing the amount of polypep 
tide with a predetermined cut-off value, and therefrom deter 
mining the presence or absence of a cancer in the patient. 
Within preferred embodiments, the binding agent is an anti 
body, more preferably a monoclonal antibody. 
0036. The present invention also provides, within other 
aspects, methods for monitoring the progression of a cancer 
in a patient. Such methods comprise the steps of: (a) contact 
ing a biological sample obtained from a patient at a first point 
in time with a binding agent that binds to a polypeptide as 
recited above; (b) detecting in the sample an amount of 
polypeptide that binds to the binding agent; (c) repeating 
steps (a) and (b) using a biological sample obtained from the 
patient at a Subsequent point in time; and (d) comparing the 
amount of polypeptide detected in step (c) with the amount 
detected in step (b) and therefrom monitoring the progression 
of the cancer in the patient. 
0037. The present invention further provides, within other 
aspects, methods for determining the presence or absence of 
a cancer in a patient, comprising the steps of: (a) contacting a 
biological sample obtained from a patient with an oligonucle 
otide that hybridizes to a polynucleotide that encodes a 
polypeptide of the present invention; (b) detecting in the 
sample a level of a polynucleotide, preferably mRNA, that 
hybridizes to the oligonucleotide; and (c) comparing the level 
of polynucleotide that hybridizes to the oligonucleotide with 
a predetermined cut-off value, and therefrom determining the 
presence or absence of a cancer in the patient. Within certain 
embodiments, the amount of mRNA is detected via poly 
merase chain reaction using, for example, at least one oligo 
nucleotide primer that hybridizes to a polynucleotide encod 
ing a polypeptide as recited above, or a complement of such a 
polynucleotide. Within other embodiments, the amount of 
mRNA is detected using a hybridization technique, employ 
ing an oligonucleotide probe that hybridizes to a polynucle 
otide that encodes a polypeptide as recited above, or a 
complement of Such a polynucleotide. 
0038. In related aspects, methods are provided for moni 
toring the progression of a cancer in a patient, comprising the 
steps of: (a) contacting a biological sample obtained from a 
patient with an oligonucleotide that hybridizes to a poly 
nucleotide that encodes a polypeptide of the present inven 
tion; (b) detecting in the sample an amount of a polynucle 
otide that hybridizes to the oligonucleotide; (c) repeating 
steps (a) and (b) using a biological sample obtained from the 
patient at a Subsequent point in time; and (d) comparing the 
amount of polynucleotide detected in step (c) with the amount 
detected in step (b) and therefrom monitoring the progression 
of the cancer in the patient. 
0039. Within further aspects, the present invention pro 
vides antibodies, such as monoclonal antibodies, that bind to 
a polypeptide as described above, as well as diagnostic kits 
comprising Such antibodies. Diagnostic kits comprising one 
or more oligonucleotide probes or primers as described above 
are also provided. 
0040. A further aspect of the present invention provides 
methods for detecting the presence or absence of a cervical 
cancer in a patient, comprising contacting a test cervical 
tissue sample obtained from the patient with an antibody that 
specifically binds to the polypeptide set forth in SEQ ID 
NO: 176; detecting an amount of the antibody that binds to the 
polypeptide in the cervical tissue sample: 
0041 and comparing the amount of the antibody that 
binds to the polypeptide in the test cervical tissue sample to 
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the amount of the antibody that binds to the polypeptide in a 
control cervical tissue sample; and thereby detecting the pres 
ence or absence of a cervical cancer in the patient. In certain 
embodiments, the amount of antibody that binds to the 
polypeptide in the test cervical tissue sample and the control 
cervical tissue sample is determined using immunohis 
tochemistry. In this regard, antibody staining in at least 25% 
of cells indicates the presence of a cervical cancer in the 
patient. In another embodiment, the amount of antibody that 
binds to the polypeptide in the test cervical tissue sample and 
the control cervical tissue is determined using an ELISA. In 
this regard, at least a two-fold increase in the amount of the 
antibody that binds to the polypeptide in the cervical tissue 
sample as compared to the amount of the antibody that binds 
to the polypeptide in the control cervical tissue sample indi 
cates the presence of a cervical cancer in the patient. In a 
further embodiment, the antibody is a monoclonal antibody, 
Such as a murine monoclonal antibody. Other appropriate 
antibodies that are specific for the L523S polypeptide as set 
forth in SEQ ID NO:176 are contemplated herein. In yet a 
further embodiment, the test cervical tissue sample is 
obtained from a patient suspected of having AIS of the uterine 
cervix or ECCA. In an additional embodiment, the control 
cervical tissue sample comprises a benign endocervical gland 
sample or an endometrial adenocarcinoma sample. Other 
appropriate test and control samples may also be used. 
0042. A further aspect of the present invention provides a 
method for determining whether a patient is at risk for devel 
oping a cervical cancer, comprising contacting a test cervical 
tissue sample obtained from the patient with an antibody that 
specifically binds to the polypeptide set forth in SEQ ID 
NO:176; detecting an amount of the antibody that binds to the 
polypeptide in the cervical tissue sample; and comparing the 
amount of the antibody that binds to the polypeptide in the test 
cervical tissue sample to the amount of the antibody that binds 
to the polypeptide in a control cervical tissue sample; and 
thereby determining whether a patient is at risk for develop 
ing a cervical cancer. In one embodiment, the test cervical 
tissue sample comprises a cervical intraepithelial neoplasia. 
0043. These and other aspects of the present invention will 
become apparent upon reference to the following detailed 
description. All references disclosed herein are hereby incor 
porated by reference in their entirety as if each was incorpo 
rated individually. 

A BRIEF DESCRIPTION OF THE SEQUENCE 
IDENTIFIERS 

0044 SEQID NO:1 is the determined cDNA sequence for 
LST-S1-2 

0045 SEQID NO:2 is the determined cDNA sequence for 
LST-S1-28 

0046 SEQID NO:3 is the determined cDNA sequence for 
LST-S1-90 

0047 SEQID NO:4 is the determined cDNA sequence for 
LST-S1-144 

0048 SEQID NO:5 is the determined cDNA sequence for 
LST-S1-133 

0049 SEQID NO:6 is the determined cDNA sequence for 
LST-S1-169 

0050 SEQID NO:7 is the determined cDNA sequence for 
LST-S2-6 

0051 SEQID NO:8 is the determined cDNA sequence for 
LST-S2-11 
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0052 SEQID NO:9 is the determined cDNA sequence for 
LST-S2-17 
0053 SEQ ID NO:10 is the determined cDNA sequence 
for LST-S2-25 
0054 SEQ ID NO:11 is the determined cDNA sequence 
for LST-S2-39 
0055 SEQID NO:12 is a first determined cDNA sequence 
for LST-S2-43 
0056 SEQ ID NO:13 is a second determined cDNA 
sequence for LST-S2-43 
0057 SEQ ID NO:14 is the determined cDNA sequence 
for LST-S2-65 
0058 SEQ ID NO:15 is the determined cDNA sequence 
for LST-S2-68 
0059 SEQ ID NO:16 is the determined cDNA sequence 
for LST-S2-72 
0060 SEQ ID NO:17 is the determined cDNA sequence 
for LST-S2-74 
0061 SEQ ID NO:18 is the determined cDNA sequence 
for LST-S2-103 
0062 SEQ ID NO:19 is the determined cDNA sequence 
for LST-S2-N1-1F 
0063 SEQ ID NO:20 is the determined cDNA sequence 
for LST-S2-N1-2A 
0064 SEQ ID NO:21 is the determined cDNA sequence 
for LST-S2-N 1-4H 
0065. SEQ ID NO:22 is the determined cDNA sequence 
for LST-S2-N 1-5A 
0066 SEQ ID NO:23 is the determined cDNA sequence 
for LST-S2-N1-6B 
0067 SEQ ID NO:24 is the determined cDNA sequence 
for LST-S2-N1-7B 
0068 SEQ ID NO:25 is the determined cDNA sequence 
for LST-S2-N1-7H 
0069 SEQ ID NO:26 is the determined cDNA sequence 
for LST-S2-N 1-8A 
0070 SEQ ID NO:27 is the determined cDNA sequence 
for LST-S2-N 1-8D 
(0071 SEQ ID NO:28 is the determined cDNA sequence 
for LST-S2-N 1-9A 
0072 SEQ ID NO:29 is the determined cDNA sequence 
for LST-S2-N 1-9E 
0073 SEQ ID NO:30 is the determined cDNA sequence 
for LST-S2-N1-10A 
0074 SEQ ID NO:31 is the determined cDNA sequence 
for LST-S2-N1-10G 
0075 SEQ ID NO:32 is the determined cDNA sequence 
for LST-S2-N 1-11A 
0076 SEQ ID NO:33 is the determined cDNA sequence 
for LST-S2-N1-12C 
0077 SEQ ID NO:34 is the determined cDNA sequence 
for LST-S2-N1-12E 
0078 SEQ ID NO:35 is the determined cDNA sequence 
for LST-S2-B1-3D 
0079 SEQ ID NO:36 is the determined cDNA sequence 
for LST-S2-B1-6C 
0080 SEQ ID NO:37 is the determined cDNA sequence 
for LST-S2-B1-5D 
I0081 SEQ ID NO:38 is the determined cDNA sequence 
for LST-S2-B1-5F 
I0082 SEQ ID NO:39 is the determined cDNA sequence 
for LST-S2-B1-6G 
I0083 SEQ ID NO:40 is the determined cDNA sequence 
for LST-S2-B1-8A 
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I0084 SEQ ID NO:41 is the determined cDNA sequence 
for LST-S2-B1-8D 
I0085 SEQ ID NO:42 is the determined cDNA sequence 
for LST-S2-B1-10A 
I0086 SEQ ID NO:43 is the determined cDNA sequence 
for LST-S2-B1-9B 
I0087 SEQ ID NO:44 is the determined cDNA sequence 
for LST-S2-B1-9F 
I0088 SEQ ID NO:45 is the determined cDNA sequence 
for LST-S2-B1-12D 
I0089 SEQ ID NO:46 is the determined cDNA sequence 
for LST-S2-I2-2B 
(0090 SEQ ID NO.47 is the determined cDNA sequence 
for LST-S2-I2-5F 
(0091 SEQ ID NO:48 is the determined cDNA sequence 
for LST-S2-I2-6B 
0092 SEQ ID NO:49 is the determined cDNA sequence 
for LST-S2-I2-7F 
(0093 SEQ ID NO:50 is the determined cDNA sequence 
for LST-S2-I2-8G 
(0094 SEQ ID NO:51 is the determined cDNA sequence 
for LST-S2-I2-9E 
(0095 SEQ ID NO:52 is the determined cDNA sequence 
for LST-S2-I2-12B 
(0096 SEQ ID NO:53 is the determined cDNA sequence 
for LST-S2-H2-2C 
(0097 SEQ ID NO:54 is the determined cDNA sequence 
for LST-S2-H2-1G 
(0098 SEQ ID NO:55 is the determined cDNA sequence 
for LST-S2-H2-4G 
(0099 SEQ ID NO:56 is the determined cDNA sequence 
for LST-S2-H2-3H 
0100 SEQ ID NO:57 is the determined cDNA sequence 
for LST-S2-H2-5G 
0101 SEQ ID NO:58 is the determined cDNA sequence 
for LST-S2-H2-9B 
0102 SEQ ID NO:59 is the determined cDNA sequence 
for LST-S2-H2-1OH 
(0103 SEQ ID NO:60 is the determined cDNA sequence 
for LST-S2-H2-12D 
0104 SEQID NO: 61 is the determined cDNA sequence 
for LST-S3-2 
0105 SEQID NO: 62 is the determined cDNA sequence 
for LST-S3-4 
0106 SEQID NO: 63 is the determined cDNA sequence 
for LST-S3-7 
0107 SEQID NO: 64 is the determined cDNA sequence 
for LST-S3-8 
(0.108 SEQID NO: 65 is the determined cDNA sequence 
for LST-S3-12 
0109 SEQID NO: 66 is the determined cDNA sequence 
for LST-S3-13 
0110 SEQID NO: 67 is the determined cDNA sequence 
for LST-S3-14 
0111 SEQID NO: 68 is the determined cDNA sequence 
for LST-S3-16 
(O112 SEQID NO: 69 is the determined cDNA sequence 
for LST-S3-21 
0113 SEQID NO: 70 is the determined cDNA sequence 
for LST-S3-22 
0114 SEQID NO: 71 is the determined cDNA sequence 
for LST-S1-7 
0115 SEQID NO: 72 is the determined cDNA sequence 
for LST-S1-A-1E 



US 2010/0239615 A1 

0116 SEQID NO: 73 is the determined cDNA sequence 
for LST-S1-A-1G 
0117 SEQID NO: 74 is the determined cDNA sequence 
for LST-S1-A-3E 
0118 SEQID NO: 75 is the determined cDNA sequence 
for LST-S1-A-4E 
0119 SEQID NO: 76 is the determined cDNA sequence 
for LST-S1-A-6D 
0120 SEQID NO: 77 is the determined cDNA sequence 
for LST-S1-A-8D 
0121 SEQID NO: 78 is the determined cDNA sequence 
for LST-S1-A-10A 
0122) SEQID NO: 79 is the determined cDNA sequence 
for LST-S1-A-100 
(0123 SEQID NO: 80 is the determined cDNA sequence 
for LST-S1-A-9D 
(0.124 SEQID NO: 81 is the determined cDNA sequence 
for LST-S1-A-1 OD 
0125 SEQID NO: 82 is the determined cDNA sequence 
for LST-S1-A-9H 
0126 SEQID NO: 83 is the determined cDNA sequence 
for LST-S1-A-1 1D 
0127 SEQID NO: 84 is the determined cDNA sequence 
for LST-S1-A-12D 
0128 SEQID NO: 85 is the determined cDNA sequence 
for LST-S1-A-11E 
0129. SEQID NO: 86 is the determined cDNA sequence 
for LST-S1-A-12E 
0130 SEQID NO: 87 is the determined cDNA sequence 
for L513S (T3). 
0131 SEQID NO: 88 is the determined cDNA sequence 
for L513S contig 1. 
(0132) SEQ ID NO: 89 is a first determined cDNA 
sequence for L514S. 
0.133 SEQ ID NO: 90 is a second determined cDNA 
sequence for L514S. 
0134 SEQ ID NO: 91 is a first determined cDNA 
sequence for L516S. 
0135 SEQ ID NO: 92 is a second determined cDNA 
sequence for L516S. 
0.136 SEQID NO: 93 is the determined cDNA sequence 
for L517S. 
0137 SEQID NO: 94 is the extended cDNA sequence for 
LST-S1-169 (also known as L519S). 
0138 SEQ ID NO: 95 is a first determined cDNA 
sequence for L520S. 
0139 SEQ ID NO: 96 is a second determined cDNA 
sequence for L520S. 
0140 SEQ ID NO: 97 is a first determined cDNA 
sequence for L521S. 
0141 SEQ ID NO: 98 is a second determined cDNA 
sequence for L521S. 
0142 SEQID NO: 99 is the determined cDNA sequence 
for L522S. 
0143 SEQID NO: 100 is the determined cDNA sequence 
for L523S. 
0144 SEQID NO: 101 is the determined cDNA sequence 
for L524S. 
(0145 SEQID NO: 102 is the determined cDNA sequence 
for L525S. 
0146 SEQID NO: 103 is the determined cDNA sequence 
for L526S. 
0147 SEQID NO: 104 is the determined cDNA sequence 
for L527S. 
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0148 SEQID NO: 105 is the determined cDNA sequence 
for L528S. 
0149 SEQID NO: 106 is the determined cDNA sequence 
for L529S. 
(O150 SEQ ID NO: 107 is a first determined cDNA 
sequence for L530S. 
0151 SEQ ID NO: 108 is a second determined cDNA 
sequence for L530S. 
0152 SEQ ID NO: 109 is the determined full-length 
cDNA sequence for L531S short form 
0153. SEQ ID NO: 110 is the amino acid sequence 
encoded by SEQID NO: 109. 
0154 SEQ ID NO: 111 is the determined full-length 
cDNA sequence for L531S long form 
(O155 SEQ ID NO: 112 is the amino acid sequence 
encoded by SEQID NO: 111. 
0156 SEQ ID NO: 113 is the determined full-length 
cDNA sequence for L520S. 
(O157 SEQ ID NO: 114 is the amino acid sequence 
encoded by SEQID NO: 113. 
0158 SEQID NO: 115 is the determined cDNA sequence 
for contig 1. 
0159 SEQID NO: 116 is the determined cDNA sequence 
for contig 3. 
(0160 SEQID NO: 117 is the determined cDNA sequence 
for contig 4. 
(0161 SEQID NO: 118 is the determined cDNA sequence 
for contig 5. 
(0162 SEQID NO: 119 is the determined cDNA sequence 
for contig 7. 
(0163 SEQID NO: 120 is the determined cDNA sequence 
for contig 8. 
(0164 SEQID NO: 121 is the determined cDNA sequence 
for contig 9. 
(0165 SEQID NO: 122 is the determined cDNA sequence 
for contig 10. 
(0166 SEQID NO: 123 is the determined cDNA sequence 
for contig 12. 
(0167 SEQID NO: 124 is the determined cDNA sequence 
for contig 11. 
(0168 SEQID NO: 125 is the determined cDNA sequence 
for contig 13 (also known as L761P). 
(0169 SEQID NO: 126 is the determined cDNA sequence 
for contig 15. 
(0170 SEQID NO: 127 is the determined cDNA sequence 
for contig 16. 
(0171 SEQID NO: 128 is the determined cDNA sequence 
for contig 17. 
(0172 SEQID NO: 129 is the determined cDNA sequence 
for contig 19. 
(0173 SEQID NO: 130 is the determined cDNA sequence 
for contig 20. 
(0174 SEQID NO: 131 is the determined cDNA sequence 
for contig 22. 
(0175 SEQID NO: 132 is the determined cDNA sequence 
for contig 24. 
(0176 SEQID NO: 133 is the determined cDNA sequence 
for contig 29. 
(0177 SEQID NO: 134 is the determined cDNA sequence 
for contig 31. 
(0178 SEQID NO: 135 is the determined cDNA sequence 
for contig 33. 
(0179 SEQID NO: 136 is the determined cDNA sequence 
for contig 38. 
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0180 SEQID NO: 137 is the determined cDNA sequence 
for contig 39. 
0181 SEQID NO: 138 is the determined cDNA sequence 
for contig 41. 
0182 SEQID NO: 139 is the determined cDNA sequence 
for contig 43. 
0183 SEQID NO: 140 is the determined cDNA sequence 
for contig 44. 
0184 SEQID NO: 141 is the determined cDNA sequence 
for contig 45. 
0185. SEQID NO: 142 is the determined cDNA sequence 
for contig 47. 
0186 SEQID NO: 143 is the determined cDNA sequence 
for contig 48. 
0187 SEQID NO: 144 is the determined cDNA sequence 
for contig 49. 
0188 SEQID NO: 145 is the determined cDNA sequence 
for contig 50. 
(0189 SEQID NO: 146 is the determined cDNA sequence 
for contig 53. 
(0190 SEQID NO: 147 is the determined cDNA sequence 
for contig 54. 
(0191 SEQID NO: 148 is the determined cDNA sequence 
for contig 56. 
(0192 SEQID NO: 149 is the determined cDNA sequence 
for contig 57. 
(0193 SEQID NO: 150 is the determined cDNA sequence 
for contig 58. 
(0194 SEQID NO: 151 is the full-length cDNA sequence 
for L53OS. 
(0195 SEQ ID NO: 152 is the amino acid sequence 
encoded by SEQID NO: 151 
(0196) SEQID NO: 153 is the full-length cDNA sequence 
of a first variant of L514S 
(0197) SEQID NO: 154 is the full-length cDNA sequence 
of a second variant of L514S 
(0198 SEQ ID NO: 155 is the amino acid sequence 
encoded by SEQID NO: 153. 
(0199 SEQ ID NO: 156 is the amino acid sequence 
encoded by SEQID NO: 154. 
(0200 SEQID NO: 157 is the determined cDNA sequence 
for contig 59. 
0201 SEQID NO: 158 is the full-length cDNA sequence 
for L763P (also referred to as contig 22). 
(0202 SEQ ID NO: 159 is the amino acid sequence 
encoded by SEQID NO: 158. 
0203 SEQID NO: 160 is the full-length cDNA sequence 
for L762P (also referred to as contig 17). 
0204 SEQ ID NO: 161 is the amino acid sequence 
encoded by SEQID NO: 160. 
0205 SEQID NO: 162 is the determined cDNA sequence 
for L515S. 
0206 SEQID NO: 163 is the full-length cDNA sequence 
of a first variant of L524S. 
0207 SEQID NO: 164 is the full-length cDNA sequence 
of a second variant of L524S. 
0208 SEQ ID NO: 165 is the amino acid sequence 
encoded by SEQID NO: 163. 
0209 SEQ ID NO: 166 is the amino acid sequence 
encoded by SEQID NO: 164. 
0210 SEQID NO: 167 is the full-length cDNA sequence 
of a first variant of L762P. 
0211 SEQID NO: 168 is the full-length cDNA sequence 
of a second variant of L762P. 
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0212 SEQ ID NO: 169 is the amino acid sequence 
encoded by SEQID NO: 167. 
0213 SEQ ID NO: 170 is the amino acid sequence 
encoded by SEQID NO: 168. 
0214 SEQID NO: 171 is the full-length cDNA sequence 
for L773P (also referred to as contig 56). 
0215 SEQ ID NO: 172 is the amino acid sequence 
encoded by SEQID NO: 171. 
0216 SEQID NO: 173 is an extended cDNA sequence for 
L519S. 
0217 SEQ ID NO: 174 is the amino acid sequence 
encoded by SEQID NO: 174. 
0218 SEQID NO: 175 is the full-length cDNA sequence 
for L523S. 
0219 SEQ ID NO: 176 is the amino acid sequence 
encoded by SEQID NO: 175. 
0220 SEQID NO: 177 is the determined cDNA sequence 
for LST-Sub5-7A. 
0221 SEQID NO: 178 is the determined cDNA sequence 
for LST-Sub5-8G. 
0222 SEQID NO: 179 is the determined cDNA sequence 
for LST-Sub5-8H. 
0223 SEQID NO: 180 is the determined cDNA sequence 
for LST-Sub5-1OB. 
0224 SEQID NO: 181 is the determined cDNA sequence 
for LST-Sub5-1OH. 
0225 SEQID NO: 182 is the determined cDNA sequence 
for LST-Sub5-12B. 
0226 SEQID NO: 183 is the determined cDNA sequence 
for LST-Sub5-11C. 
0227 SEQID NO: 184 is the determined cDNA sequence 
for LST-Sub6-1c. 
0228 SEQID NO: 185 is the determined cDNA sequence 
for LST-Sub6-2f. 
0229 SEQID NO: 186 is the determined cDNA sequence 
for LST-Sub6-2G. 
0230 SEQID NO: 187 is the determined cDNA sequence 
for LST-Sub6-4d. 
0231 SEQID NO: 188 is the determined cDNA sequence 
for LST-Sub6-4e. 
0232 SEQID NO: 189 is the determined cDNA sequence 
for LST-Sub6-4f. 
0233 SEQID NO: 190 is the determined cDNA sequence 
for LST-Sub6-3h. 
0234 SEQID NO: 191 is the determined cDNA sequence 
for LST-Sub6-5d. 
0235 SEQID NO: 192 is the determined cDNA sequence 
for LST-Sub6-5h. 
0236 SEQID NO: 193 is the determined cDNA sequence 
for LST-Sub6-6h. 
0237 SEQID NO: 194 is the determined cDNA sequence 
for LST-Sub6-7a. 
0238 SEQID NO: 195 is the determined cDNA sequence 
for LST-Sub6-8a. 
0239 SEQID NO: 196 is the determined cDNA sequence 
for LST-Sub6-7d. 
0240 SEQID NO: 197 is the determined cDNA sequence 
for LST-Sub6-7e. 
0241 SEQID NO: 198 is the determined cDNA sequence 
for LST-Sub6-8e. 
0242 SEQID NO: 199 is the determined cDNA sequence 
for LST-sub6-7g. 
0243 SEQID NO:200 is the determined cDNA sequence 
for LST-Sub6-9f. 
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0244 SEQIDN 
for LST-Sub6-9h. 
0245 SEQIDN 
for LST-Sub6-11b. 
0246 SEQIDN 
for LST-Sub6-11c. 
0247 SEQIDN 
for LST-Sub6-12c. 
0248 SEQIDN 
for LST-Sub6-12e. 
0249 SEQIDN 
for LST-Sub6-12f. 
(0250 SEQIDN 
for LST-sub6-11g. 
0251 SEQIDN 
for LST-sub6-12g. 
0252) SEQIDN 
for LST-Sub6-12h. 
0253 SEQIDN 
for LST-Sub6-II-1a 
0254 SEQIDN 
for LST-Sub6-II-2b 
0255 SEQIDN 
for LST-Sub6-II-2 
0256 SEQIDN 
for LST-Sub6-II-1h. 
0257 SEQIDN 
for LST-sub6-II-4a 
0258 SEQIDN 
for LST-Sub6-II-4b 
0259 SEQIDN 
for LST-Sub6-II-3e 
0260 SEQIDN 
for LST-Sub6-II-4f. 
0261 SEQIDN 
for LST-Sub6-II-4 
0262 SEQIDN 
for LST-Sub6-II-4h 
0263 SEQIDN 
for LST-Sub6-II-5c 
0264 SEQIDN 
for LST-Sub6-II-5e 
0265 SEQIDN 
for LST-Sub6-II-6f. 
0266 SEQIDN 
for LST-sub6-II-5g. 
0267 
for LST-sub6-II-6g. 
0268 
L528S. 

0269 
from L762P. 
0270 
sequence of L514S. 
0271 

9. 

9. 

SEQID NO: 

: 201 is the determined cDNA sequence 

202 is the determined cDNA sequence 

203 is the determined cDNA sequence 

204 is the determined cDNA sequence 

205 is the determined cDNA sequence 

206 is the determined cDNA sequence 

207 is the determined cDNA sequence 

208 is the determined cDNA sequence 

209 is the determined cDNA sequence 

210 is the determined cDNA sequence 

211 is the determined cDNA sequence 

212 is the determined cDNA sequence 

213 is the determined cDNA sequence 

214 is the determined cDNA sequence 

215 is the determined cDNA sequence 

216 is the determined cDNA sequence 

217 is the determined cDNA sequence 

218 is the determined cDNA sequence 

219 is the determined cDNA sequence 

220 is the determined cDNA sequence 

221 is the determined cDNA sequence 

222 is the determined cDNA sequence 

223 is the determined cDNA sequence 

224 is the determined cDNA sequence 

SEQ ID NO: 225 is the amino acid sequence for 

SEQIDNO: 226-251 are synthetic peptides derived 

SEQ ID NO: 252 is the expressed amino acid 

SEQID NO: 253 is the DNA sequence correspond 
ing to SEQID NO: 252. 
0272 

0273 
for clone 23785. 
0274 
for clone 23786. 
0275 
for clone 23788. 

SEQ ID NO: 254 is the DNA sequence of a L762P 
expression construct. 

SEQID NO: 255 is the determined cDNA sequence 

SEQID NO: 256 is the determined cDNA sequence 

SEQID NO: 257 is the determined cDNA sequence 

(0276 SEQIDN 
for clone 23790. 
(0277 SEQIDN 
for clone 23793. 
(0278 SEQIDN 
for clone 23794. 
(0279 SEQIDN 
for clone 23795. 
0280 SEQIDN 
for clone 23796. 
(0281 SEQIDN 
for clone 23797. 
0282 SEQIDN 
for clone 23798. 
(0283 SEQIDN 
for clone 23799. 
0284 SEQIDN 
for clone 23800. 
(0285) SEQIDN 
for clone 23802. 
0286 SEQIDN 
for clone 23803. 
(0287 SEQIDN 
for clone 23804. 
0288 SEQIDN 
for clone 23805. 
(0289 SEQIDN 
for clone 23806. 
0290 SEQIDN 
for clone 23807. 
0291 SEQIDN 
for clone 23808. 
0292 SEQIDN 
for clone 23809. 
0293 SEQIDN 
for clone 23810. 
0294 SEQIDN 
for clone 23811. 
0295 SEQIDN 
for clone 23812. 
0296 SEQIDN 
for clone 23813. 
0297 SEQIDN 
for clone 23815. 
0298 SEQIDN 
for clone 25298. 
0299 SEQIDN 
for clone 25299. 
(0300 SEQIDN 
for clone 253.00. 
(0301 SEQIDN 
for clone 25301 
(0302 SEQIDN 
for clone 25304 
(0303 SEQIDN 
for clone 25309. 
0304 SEQIDN 
for clone 253.12. 
(0305 SEQIDN 
for clone 25317. 
(0306 
for clone 25321. 
0307 
for clone 25323. 
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: 258 is the determined cDNA sequence 

: 259 is the determined cDNA sequence 

: 260 is the determined cDNA sequence 

: 261 is the determined cDNA sequence 

: 262 is the determined cDNA sequence 

: 263 is the determined cDNA sequence 

: 264 is the determined cDNA sequence 

: 265 is the determined cDNA sequence 

: 266 is the determined cDNA sequence 

: 267 is the determined cDNA sequence 

: 268 is the determined cDNA sequence 

: 269 is the determined cDNA sequence 

: 270 is the determined cDNA sequence 

: 271 is the determined cDNA sequence 

: 272 is the determined cDNA sequence 

: 273 is the determined cDNA sequence 

: 274 is the determined cDNA sequence 

: 275 is the determined cDNA sequence 

: 276 is the determined cDNA sequence 

: 277 is the determined cDNA sequence 

: 278 is the determined cDNA sequence 

: 279 is the determined cDNA sequence 

: 280 is the determined cDNA sequence 

: 281 is the determined cDNA sequence 

: 282 is the determined cDNA sequence 

: 283 is the determined cDNA sequence 

: 284 is the determined cDNA sequence 

: 285 is the determined cDNA sequence 

: 286 is the determined cDNA sequence 

: 287 is the determined cDNA sequence 

SEQID NO:288 is the determined cDNA sequence 

SEQID NO:289 is the determined cDNA sequence 
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0308 SEQID NO:290 is the determined cDNA sequence 
for clone 25327. 
0309 SEQID NO:291 is the determined cDNA sequence 
for clone 25328. 
0310 SEQID NO:292 is the determined cDNA sequence 
for clone 25332. 
0311 SEQID NO:293 is the determined cDNA sequence 
for clone 25333. 
0312 SEQID NO:294 is the determined cDNA sequence 
for clone 25336. 
0313 SEQID NO:295 is the determined cDNA sequence 
for clone 25340. 
0314 SEQID NO:296 is the determined cDNA sequence 
for clone 25342. 
0315 SEQID NO:297 is the determined cDNA sequence 
for clone 25356. 
0316 SEQID NO:298 is the determined cDNA sequence 
for clone 25357. 
0317 SEQID NO:299 is the determined cDNA sequence 
for clone 253.61. 
0318 SEQID NO:300 is the determined cDNA sequence 
for clone 25363. 
0319 SEQID NO:301 is the determined cDNA sequence 
for clone 25397. 
0320 SEQID NO:302 is the determined cDNA sequence 
for clone 25402. 
0321 SEQID NO:303 is the determined cDNA sequence 
for clone 25403. 
0322 SEQID NO:304 is the determined cDNA sequence 
for clone 25405. 
0323 SEQID NO:305 is the determined cDNA sequence 
for clone 25407. 
0324 SEQID NO:306 is the determined cDNA sequence 
for clone 25409. 
0325 SEQID NO:307 is the determined cDNA sequence 
for clone 25396. 
0326 SEQID NO:308 is the determined cDNA sequence 
for clone 25414. 
0327 SEQID NO:309 is the determined cDNA sequence 
for clone 25410. 
0328 SEQID NO:310 is the determined cDNA sequence 
for clone 254.06. 
0329 SEQID NO:311 is the determined cDNA sequence 
for clone 253.06. 
0330 SEQID NO:312 is the determined cDNA sequence 
for clone 253.62. 
0331 SEQID NO:313 is the determined cDNA sequence 
for clone 253.60. 
0332 SEQID NO:314 is the determined cDNA sequence 
for clone 25398. 
0333 SEQID NO:315 is the determined cDNA sequence 
for clone 25355. 
0334 SEQID NO:316 is the determined cDNA sequence 
for clone 25351. 
0335i SEQID NO:317 is the determined cDNA sequence 
for clone 25331. 
0336 SEQID NO:318 is the determined cDNA sequence 
for clone 25338. 
0337 SEQID NO:319 is the determined cDNA sequence 
for clone 25335. 
0338 SEQID NO:320 is the determined cDNA sequence 
for clone 25329. 
0339 SEQID NO:321 is the determined cDNA sequence 
for clone 25324. 
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(0340 SEQID NO:322 is the determined cDNA sequence 
for clone 25322. 
(0341 SEQID NO:323 is the determined cDNA sequence 
for clone 25319. 
(0342 SEQID NO:324 is the determined cDNA sequence 
for clone 25316. 
(0343 SEQID NO:325 is the determined cDNA sequence 
for clone 25311. 
(0344 SEQID NO:326 is the determined cDNA sequence 
for clone 25310. 
(0345 SEQID NO:327 is the determined cDNA sequence 
for clone 25302. 
(0346 SEQID NO:328 is the determined cDNA sequence 
for clone 25315. 
(0347 SEQID NO:329 is the determined cDNA sequence 
for clone 253.08. 
(0348 SEQID NO:330 is the determined cDNA sequence 
for clone 253.03. 
(0349 SEQ ID NO:331-337 are the cDNA sequences of 
isoforms of the p53 tumor suppressor homologue, p63 (also 
referred to as L530S). 
0350 SEQID NO:338-344 are the amino acid sequences 
encoded by SEQID NO:331-337, respectively 
0351 SEQID NO:345 is a second cDNA sequence for the 
antigen L763P. 
0352 SEQ ID NO:346 is the amino acid sequence 
encoded by the sequence of SEQID NO:345. 
0353 SEQID NO:347 is a determined full-length cDNA 
sequence for L523S. 
0354 SEQ ID NO:348 is the amino acid sequence 
encoded by SEQID NO:347. 
0355 SEQ ID NO:349 is the cDNA sequence encoding 
the N-terminal portion of L773P. 
0356 SEQID NO:350 is the amino acid sequence of the 
N-terminal portion of L773P. 
0357 SEQID NO:351 is the DNA sequence for a fusion of 
Ra12 and the N-terminal portion of L763P. 
0358 SEQID NO:352 is the amino acid sequence of the 
fusion of Ra12 and the N-terminal portion of L763P. 
0359 SEQID NO:353 is the DNA sequence for a fusion of 
Ra12 and the C-terminal portion of L763P. 
0360 SEQID NO:354 is the amino acid sequence of the 
fusion of Ra12 and the C-terminal portion of L763P. 
0361 SEQID NO:355 is a primer. 
0362 SEQID NO:356 is a primer. 
0363 SEQ ID NO:357 is the protein sequence of 
expressed recombinant L762P. 
0364 SEQID NO:358 is the DNA sequence of expressed 
recombinant L762P. 
0365 SEQID NO:359 is a primer. 
0366 SEQID NO:360 is a primer. 
0367 SEQ ID NO:361 is the protein sequence of 
expressed recombinant L773PA. 
0368 SEQID NO:362 is the DNA sequence of expressed 
recombinant L773PA. 
0369 SEQ ID NO:363 is an epitope derived from clone 
L773P polypeptide. 
0370 SEQ ID NO:364 is a polynucleotide encoding the 
polypeptide of SEQID NO:363. 
0371 SEQ ID NO:365 is an epitope derived from clone 
L773P polypeptide. 
0372 SEQ ID NO:366 is a polynucleotide encoding the 
polypeptide of SEQID NO:365. 
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0373 SEQID NO:367 is an epitope consisting of amino 
acids 571-590 of SEQID NO:161, clone L762P. 
0374 SEQ ID NO:368 is the full-length DNA sequence 
for contig 13 (SEQ ID NO:125), also referred to as L761P. 
0375 SEQID NO:369 is the protein sequence encoded by 
the DNA sequence of SEQID NO:368. 
0376 SEQID NO:370 is an L762P DNA sequence from 
nucleotides 2071-2130. 
0377 SEQID NO:371 is an L762P DNA sequence from 
nucleotides 1441-1500. 
0378 SEQID NO:372 is an L762P DNA sequence from 
nucleotides 1936-1955. 
0379 SEQID NO:373 is an L762P DNA sequence from 
nucleotides 2620-2679. 
0380 SEQID NO:374 is an L762P DNA sequence from 
nucleotides 1801-1860. 
0381 SEQID NO:375 is an L762P DNA sequence from 
nucleotides 1531-1591. 
0382 SEQID NO:376 is the amino acid sequence of the 
L762P peptide encoded by SEQID NO:373. 
0383 SEQID NO:377 is the amino acid sequence of the 
L762P peptide encoded by SEQID NO:370. 
0384 SEQID NO:378 is the amino acid sequence of the 
L762P peptide encoded by SEQID NO:372. 
0385 SEQID NO:379 is the amino acid sequence of the 
L762P peptide encoded by SEQID NO:374. 
0386 SEQID NO:380 is the amino acid sequence of the 
L762P peptide encoded by SEQID NO:371. 
(0387 SEQID NO:381 is the amino acid sequence of the 
L762P peptide encoded by SEQID NO:375. 
0388 SEQ ID NO:382 is the amino acid sequence of an 
epitope of L762P. 
0389 SEQID NO:383-386 are PCR primers. 
0390 SEQID NO:387-395 are the amino acid sequences 
of L773P peptides. 
0391 SEQID NO:396-419 are the amino acid sequences 
of L5235 peptides. 
0392 SEQID NO:420 is the determined cDNA sequence 
for clone H19014. 
0393 SEQID NO:421 is the forward primer PDM-278 for 
the L514S-13160 coding region. 
0394 SEQID NO:422 is the reverse primer PDM-278 for 
the L514S-13160 coding region. 
0395. SEQID NO:423 is the amino acid sequence for the 
expressed recombinant L514S. 
0396 SEQID NO:424 is the DNA coding sequence for the 
recombinant L514S. 
0397 SEQID NO:425 is the forward primer PDM-414 for 
the L523S coding region. 
0398 SEQID NO:426 is the reverse primer PDM-414 for 
the L523S coding region. 
0399 SEQID NO:427 is the amino acid sequence for the 
expressed recombinant L523S. 
(0400 SEQID NO:428 is the DNA coding sequence for the 
recombinant L523S. 
0401 SEQID NO:429 is the reverse primer PDM-279 for 
the L762PA coding region. 
0402 SEQID NO:430 is the amino acid sequence for the 
expressed recombinant L762PA. 
0403 SEQID NO:431 is the DNA coding sequence for the 
recombinant L762PA. 

04.04 SEQID NO:432 is the reverse primer PDM-300 for 
the L773P coding region. 
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04.05 SEQID NO:433 is the amino acid sequence of the 
expressed recombinant L773P. 
(0406 SEQID NO:434 is the DNA coding sequence for the 
recombinant L773P. 
(0407 SEQ ID NO:435 is the forward primer for TCR 
Valpha8. 
04.08 
pha8. 
04.09 
Vbeta8. 

0410 
Vbeta8. 
0411 SEQID NO:439 is the TCRValpha DNA sequence 
of the TCR clone specific for the lung antigen L762P. 
0412 SEQID NO:440 is the TCRVbeta DNA sequence of 
the TCR clone specific for the lung antigen L762P. 
0413 SEQID NO:441 is the amino acid sequence of L763 
peptide #2684. 
0414 SEQID NO:442 is the predicted full-length cDNA 
for the cloned partial sequence of clone L5295 (SEQ ID 
NO:106). 
0415 SEQ ID NO:443 is the deduced amino acid 
sequence encoded by SEQID NO:442. 
0416 SEQID NO:444 is the forward primer PDM-734 for 
the coding region of clone L523S. 
0417 SEQID NO:445 is the reverse primer PDM-735 for 
the coding region of clone L523S. 
0418 SEQID NO:446 is the amino acid sequence for the 
expressed recombinant L523S. 
0419 SEQID NO:447 is the DNA coding sequence for the 
recombinant L523S. 

0420 SEQ ID NO:448 is another forward primer PDM 
733 for the coding region of clone L523S. 
0421 SEQ ID NO:449 is the amino acid sequence for a 
second expressed recombinant L523S. 
0422 SEQID NO:450 is the DNA coding sequence for a 
second recombinant L523S. 
0423 SEQ ID NO:451 corresponds to amino acids 
86-1 10, an epitope of L514S-specific in the generation of 
antibodies. 
0424 SEQID NO:452 corresponds to amino acids 21-45, 
an epitope of L514S-specific in the generation of antibodies. 
0425 SEQ ID NO:453 corresponds to amino acids 121 
135, an epitope of L514S-specific in the generation of anti 
bodies. 
0426 SEQID NO:454 corresponds to amino acids 440 
460, an epitope of L523S-specific in the generation of anti 
bodies. 
0427 SEQ ID NO:455 corresponds to amino acids 156 
175, an epitope of L523S-specific in the generation of anti 
bodies. 
0428 SEQ ID NO:456 corresponds to amino acids 326 
345, an epitope of L523S-specific in the generation of anti 
bodies. 
0429 SEQID NO:457 corresponds to amino acids 40-59, 
an epitope of 
0430 L523S-specific in the generation of antibodies. 
0431 SEQID NO:458 corresponds to amino acids 80-99, 
an epitope of L523S-specific in the generation of antibodies. 
0432 SEQ ID NO:459 corresponds to amino acids 160 
179, an epitope of L523S-specific in the generation of anti 
bodies. 

SEQID NO:436 is the reverse primer for TCRVal 

SEQ ID NO:437 is the forward primer for TCR 

SEQ ID NO:438 is the reverse primer for TCR 
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0433 SEQ ID NO:460 corresponds to amino acids 180 
199, an epitope of L523S-specific in the generation of anti 
bodies. 

0434 SEQ ID NO:461 corresponds to amino acids 320 
339, an epitope of L523S-specific in the generation of anti 
bodies. 

0435 SEQ ID NO:462 corresponds to amino acids 340 
359, an epitope of L523S-specific in the generation of anti 
bodies. 

0436 SEQ ID NO:463 corresponds to amino acids 370 
389, an epitope of L523S-specific in the generation of anti 
bodies. 

0437 SEQ ID NO:464 corresponds to amino acids 380 
399, an epitope of L523S-specific in the generation of anti 
bodies. 

0438 SEQID NO:465 corresponds to amino acids 37-55, 
an epitope of L523S-recognized by the L523S-specific CTL 
line 6B1. 

0439 SEQID NO:466 corresponds to amino acids 41-51, 
the mapped antigenic epitope of L523S-recognized by the 
L523S-specific CTL line 6B1. 
0440 SEQID NO:467 corresponds to the DNA sequence 
which encodes SEQID NO:466. 
0441 SEQID NO:468 corresponds to the amino acids of 
peptide 16, 17 of hL523S. 
0442 SEQID NO:469 corresponds to the amino acids of 
peptide 16, 17 of mL523S. 
0443 SEQID NO:470 corresponds to the amino acids of 
the 20-mer peptide #4 of L523S. 
0444 SEQID NO:471 corresponds to the amino acids of 
the overlapping 20-mer peptides #14-#19 of L523S. 
0445 SEQID NO:472 corresponds to the amino acids of 
the overlapping 20-mer peptides #20-#25 of L523S. 
0446 SEQID NO:473 corresponds to the amino acids of 
the overlapping 20-mer peptides #26-#30.5 of L523S. 
0447 SEQID NO:474 corresponds to the amino acids of 
the overlapping 20-mer peptides #31-#36 of L523S. 
0448 SEQID NO:475 corresponds to the amino acids of 
the overlapping 20-mer peptides #37-#40.5 of L523S. 
0449 SEQID NO:476 corresponds to the amino acids of 
the overlapping 20-mer peptides #41-#46.5 of L523S. 
0450 SEQID NO:477 corresponds to the amino acids of 
the overlapping 20-mer peptides #47-#53 of L523S. 
0451 SEQ ID NO:478 is the cDNA encoding the full 
length ORF of L523S. 
0452 SEQID NO:479 is the cDNA sequence of Adenovi 
rus-L523s, an Adenovirus vector containing the cDNA 
encoding the full-length ORF of L523S. 
0453 SEQID NO:480 is the amino acid sequence of the 
full-length L523S protein as expressed from the Adenovirus 
vector set forth in SEQID NO:479. 
0454 SEQID NO:481 is amino acids 9-27 of L523S con 
taining a CD8 T cell epitope as described in example 37. 
0455 SEQ ID NO:482 is amino acids 33-75 of L523S 
containing a CD4 T cell epitope as described in example 37. 
0456 SEQID NO:483 is the determined cDNA sequence 
for the Rhesus macaque L523S homologue. 
0457 SEQ ID NO:484 is the predicted amino acid 
sequence for the Rhesus macaque L523S homologue, 
encoded by the polynucleotide sequence set forth in SEQID 
NO:483. 
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0458 SEQ ID NO:485 is the full-length L523S cDNA, 
together with its Kozak consensus sequence and a C-terminal 
10xHis Tag for expression in insect cells using a baculovirus 
system. 
0459 SEQID NO:486 is the full-length L523S amino acid 
sequence encoded by the polynucleotide set forth in SEQID 
NO:485. 
0460 SEQID NO:487 is the L523F1 PCR primer. 
0461 SEQID NO:488 is the L523RV1 PCR primer. 
0462 SEQID NO:489 is the cDNA encoding the minimal 
epitope of L514S set forth in SEQID NO:490. 
0463 SEQID NO:490 is the amino acid sequence of pep 
tide #10 minimal epitope of L514S. 
0464 SEQID NO:491 is a minimal 9-mer CTL epitope of 
L523S. 
0465 SEQID NO:492 is the amino acid sequence of pep 
tide H2 of NY-ESO-1. 
0466 SEQID NO:493 is the amino acid sequence of pep 
tide H3 of NY-ESO-1. 
0467 SEQID NO:494 is the amino acid sequence of pep 
tide H10 of NY-ESO-1. 
0468 SEQID NO:495 is the amino acid sequence of pep 
tide H17 of NY-ESO-1. 
0469 SEQID NO:496 is the amino acid sequence of pep 
tide H5 of NY-ESO-1. 
0470 SEQID NO:497 is the amino acid sequence of pep 
tide H42 of L523S. 
0471 SEQ ID NO:498 is the amino acid sequence of 
IMP-1 peptide #42. 
0472 SEQ ID NO:499 is the amino acid sequence of 
IMP-2 peptide #42. 
0473 SEQID NO:500 is the amino acid sequence of IMP 
1 
0474 SEQID NO:501 is the amino acid sequence of IMP 
2. 
0475 SEQ ID NO:502 is the amino acid sequence of 
IMP-1 peptide #32. 
0476 SEQ ID NO:503 is the amino acid sequence of 
IMP-2 peptide #32. 
0477 SEQID NO:504 is the amino acid sequence of pep 
tide H1 of L523S. 
0478 SEQID NO:505 is the amino acid sequence of pep 
tide H2 of L523S. 
0479. SEQID NO:506 is the amino acid sequence of pep 
tide H3 of L523S. 
0480 SEQID NO:507 is the amino acid sequence of pep 
tide H4 of L523S. 
0481 SEQID NO:508 is the amino acid sequence of pep 
tide H5 of L523S. 
0482 SEQID NO:509 is the amino acid sequence of pep 
tide H6 of L523S. 
0483 SEQID NO:510 is the amino acid sequence of pep 
tide H7 of L523S. 
0484 SEQID NO:511 is the amino acid sequence of pep 
tide H8 of L523S. 
0485 SEQID NO:512 is the amino acid sequence of pep 
tide H.9 of L523S. 
0486 SEQID NO:513 is the amino acid sequence of pep 
tide H10 of L523S. 
0487 SEQID NO:514 is the amino acid sequence of pep 
tide H11 of L523S. 
0488 SEQID NO:515 is the amino acid sequence of pep 
tide H12 of L523S. 
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0489 SEQID NO:516 is the amino acid sequence of pep 
tide H13 of L523S. 
0490 SEQID NO:517 is the amino acid sequence of pep 
tide H14 of L523S. 
0491 SEQID NO:518 is the amino acid sequence of pep 
tide H15 of L523S. 
0492 SEQID NO:519 is the amino acid sequence of pep 
tide H16 of L523S. 
0493 SEQID NO:520 is the amino acid sequence of pep 
tide H17 of L523S. 
0494 SEQID NO:521 is the amino acid sequence of pep 
tide H18 of L523S. 
0495 SEQID NO:522 is the amino acid sequence of pep 
tide H19 of L523S. 
0496 SEQID NO:523 is the amino acid sequence of pep 
tide H2O of L523S. 
0497 SEQID NO:524 is the amino acid sequence of pep 
tide H21 of L523S. 
0498 SEQID NO:525 is the amino acid sequence of pep 
tide H22 of L523S. 
0499 SEQID NO:526 is the amino acid sequence of pep 
tide H.23 of L523S. 
(0500 SEQID NO:527 is the amino acid sequence of pep 
tide #24 of L523S. 
0501 SEQID NO:528 is the amino acid sequence of pep 
tide H25 of L523S. 
0502 SEQID NO:529 is the amino acid sequence of pep 
tide H.26 of L523S. 
0503 SEQID NO:530 is the amino acid sequence of pep 
tide H.27 of L523S. 
0504 SEQID NO:531 is the amino acid sequence of pep 
tide H28 of L523S. 
0505 SEQID NO:532 is the amino acid sequence of pep 
tide H29 of L523S. 
0506 SEQID NO:533 is the amino acid sequence of pep 
tide H30 of L523S. 
0507 SEQID NO:534 is the amino acid sequence of pep 
tide H30.5 of L523S. 
0508 SEQID NO:535 is the amino acid sequence of pep 
tide H31 of L523S. 
0509 SEQID NO:536 is the amino acid sequence of pep 
tide H32 of L523S. 
0510 SEQID NO:537 is the amino acid sequence of pep 
tide H33 of L523S. 
0511 SEQID NO:538 is the amino acid sequence of pep 
tide H.34 of L523S. 
0512 SEQID NO:539 is the amino acid sequence of pep 
tide H35 of L523S. 
0513 SEQID NO:540 is the amino acid sequence of pep 
tide H36 of L523S. 
0514 SEQID NO:541 is the amino acid sequence of pep 
tide H37 of L523S. 
0515 SEQID NO:542 is the amino acid sequence of pep 
tide H38 of L523S. 
0516 SEQID NO:543 is the amino acid sequence of pep 
tide H38.5 of L523S. 
0517 SEQID NO:544 is the amino acid sequence of pep 
tide H39 of L523S. 
0518 SEQID NO:545 is the amino acid sequence of pep 
tide H40 of L523S. 
0519 SEQID NO:546 is the amino acid sequence of pep 
tide H40.5 of L523S. 
0520 SEQID NO:547 is the amino acid sequence of pep 
tide H41 of L523S. 
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0521 SEQID NO:548 is the amino acid sequence of pep 
tide H42 of L523S. 
0522 SEQID NO:549 is the amino acid sequence of pep 
tide H43 of L523S. 
0523 SEQID NO:550 is the amino acid sequence of pep 
tide H44 of L523S. 
0524 SEQID NO:551 is the amino acid sequence of pep 
tide H45 of L523S. 
0525 SEQID NO:552 is the amino acid sequence of pep 
tide H46 of L523S. 
0526 SEQID NO:553 is the amino acid sequence of pep 
tide H46.5 of L523S. 
0527 SEQID NO:554 is the amino acid sequence of pep 
tide H47 of L523S. 
0528 SEQID NO:555 is the amino acid sequence of pep 
tide H48 of L523S. 
0529 SEQID NO:556 is the amino acid sequence of pep 
tide H49 of L523S. 
0530 SEQID NO:557 is the amino acid sequence of pep 
tide H5O of L523S. 
0531 SEQID NO:558 is the amino acid sequence of pep 
tide H51 of L523S. 
0532 SEQID NO:559 is the amino acid sequence of pep 
tide H52 of L523S. 
0533 SEQID NO:560 is the amino acid sequence of pep 
tide H53 of L523S. 
0534 SEQID NO: 561 is the amino acid sequence of the 
mouse ortholog of L762P. 
0535 SEQ ID NO: 562 is the amino acid sequence of a 
peptide recognized by mouse monoclonal antibodies 153A12 
and 153A20. 
0536 SEQ ID NO: 563 is the amino acid sequence of a 
peptide recognized by human monoclonal antibody 2.4.1. 

DETAILED DESCRIPTION OF THE INVENTION 

0537 U.S. patents, U.S. patent application publications, 
U.S. patent applications, foreign patents, foreign patent appli 
cations and non-patent publications referred to in this speci 
fication and/or listed in the Application Data Sheet, are incor 
porated herein by reference, in their entirety. 
0538. The present invention is directed generally to com 
positions and their use in the therapy and diagnosis of cancer, 
particularly lung cancer. As described further below, illustra 
tive compositions of the present invention include, but are not 
restricted to, polypeptides, particularly immunogenic 
polypeptides, polynucleotides encoding such polypeptides, 
antibodies and other binding agents, antigen presenting cells 
(APCs) and immune system cells (e.g., T cells). 
0539. The practice of the present invention will employ, 
unless indicated specifically to the contrary, conventional 
methods of Virology, immunology, microbiology, molecular 
biology and recombinant DNA techniques within the skill of 
the art, many of which are described below for the purpose of 
illustration. Such techniques are explained fully in the litera 
ture. See, e.g., Sambrook, et al. Molecular Cloning: A Labo 
ratory Manual (2nd Edition, 1989); Maniatis et al. Molecular 
Cloning: A Laboratory Manual (1982); DNA Cloning: A 
Practical Approach, Vol. I & II (D. Glover, ed.); Oligonucle 
otide Synthesis (N. Gait, ed., 1984); Nucleic Acid Hybridiza 
tion (B. Hames & S. Higgins, eds., 1985); Transcription and 
Translation (B. Hames & S. Higgins, eds., 1984); Animal Cell 
Culture (R. Freshney, ed., 1986); Perbal, A Practical Guide to 
Molecular Cloning (1984). 
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0540 All publications, patents and patent applications 
cited herein, whether supra or infra, are hereby incorporated 
by reference in their entirety. 
0541. As used in this specification and the appended 
claims, the singular forms “a,” “an and “the include plural 
references unless the content clearly dictates otherwise. 

Polypeptide Compositions 

0542. As used herein, the term “polypeptide' is used in its 
conventional meaning, i.e., as a sequence of amino acids. The 
polypeptides are not limited to a specific length of the prod 
uct; thus, peptides, oligopeptides, and proteins are included 
within the definition of polypeptide, and such terms may be 
used interchangeably herein unless specifically indicated oth 
erwise. This term also does not refer to or exclude post 
expression modifications of the polypeptide, for example, 
glycosylations, acetylations, phosphorylations and the like, 
as well as other modifications known in the art, both naturally 
occurring and non-naturally occurring. A polypeptide may be 
an entire protein, or a Subsequence thereof. Particular 
polypeptides of interest in the context of this invention are 
amino acid Subsequences comprising epitopes, i.e., antigenic 
determinants substantially responsible for the immunogenic 
properties of a polypeptide and being capable of evoking an 
immune response. 
0543 Particularly illustrative polypeptides of the present 
invention comprise those encoded by a polynucleotide 
sequence set forth in any one of SEQID NO:1-3, 6-8, 10-13, 
15-27, 29, 30, 32, 34-49, 51, 52,54, 55, 57-59, 61-69, 71,73, 
74, 77, 78, 80-82, 84, 86-96, 107-109, 111, 113, 125, 127, 
128, 129, 131-133, 142, 144, 148-151, 153, 154, 157, 158, 
160, 167, 168, 171, 179, 182, 184-186, 188-191, 193, 194, 
198-207, 209, 210, 213, 214, 217, 220-224, 253-337, 345, 
347, 349,358, 362,364, 365, 368, 370-375, 420, 424, 428, 
431,434,442, 447, 450,467, 478,479 and 483, or a sequence 
that hybridizes under moderately stringent conditions, or, 
alternatively, under highly stringent conditions, to a poly 
nucleotide sequence set forth in any one of SEQID NO:1-3, 
6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 54, 55, 57-59, 
61-69, 71, 73,74, 77,78,80-82, 84,86-96, 107-109,111,113, 
125, 127, 128, 129, 131-133, 142, 144, 148-151, 153, 154, 
157, 158, 160, 167, 168, 171, 179, 182, 184-186, 188-191, 
193, 194, 198-207, 209, 210, 213, 214, 217, 220-224, 253 
337,345, 347, 349, 358, 362,364, 365, 368, 370-375, 420, 
424, 428, 431, 434, 442, 447, 450, 467, 478, 479 and 483. 
Certain illustrative polypeptides of the invention comprise 
amino acid sequences as set forth in any one of SEQ ID 
NO:152, 155, 156, 165, 166, 169, 170, 172, 174, 176,226 
252, 338-344, 346, 350,357, 361, 363, 365, 367, 369,376 
382, 387-419, 423, 427, 430, 433, 441, 443, 446, 449, 451 
466, 468-477, 480-482, and 484. 
0544 The polypeptides of the present invention are some 
times herein referred to as lung tumor proteins or lung tumor 
polypeptides, as an indication that their identification has 
been based at least in part upon their increased levels of 
expression in lung tumor samples. Thus, a "lung tumor 
polypeptide' or “lung tumor protein, refers generally to a 
polypeptide sequence of the present invention, or a poly 
nucleotide sequence encoding Such a polypeptide, that is 
expressed in a Substantial proportion of lung tumor samples, 
for example preferably greater than about 20%, more prefer 
ably greater than about 30%, and most preferably greater than 
about 50% or more of lung tumor samples tested, at a level 
that is at least two fold, and preferably at least five fold, 
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greater than the level of expression in normal tissues, as 
determined using a representative assay provided herein. A 
lung tumor polypeptide sequence of the invention, based 
upon its increased level of expression in tumor cells, has 
particular utility both as a diagnostic marker as well as a 
therapeutic target, as further described below. 
0545. In certain preferred embodiments, the polypeptides 
of the invention are immunogenic, i.e., they react detectably 
within an immunoassay (such as an ELISA or T-cell Stimu 
lation assay) with antisera and/or T-cells from a patient with 
lung cancer. Screening for immunogenic activity can be per 
formed using techniques well known to the skilled artisan. 
For example, such screens can be performed using methods 
such as those described in Harlow and Lane, Antibodies. A 
Laboratory Manual, Cold Spring Harbor Laboratory, 1988. 
In one illustrative example, a polypeptide may be immobi 
lized on a solid Support and contacted with patient Sera to 
allow binding of antibodies within the sera to the immobilized 
polypeptide. Unbound sera may then be removed and bound 
antibodies detected using, for example, 1-labeled Protein 
A 

0546. As would be recognized by the skilled artisan, 
immunogenic portions of the polypeptides disclosed herein 
are also encompassed by the present invention. An "immu 
nogenic portion, as used herein, is a fragment of an immu 
nogenic polypeptide of the invention that itself is immuno 
logically reactive (i.e., specifically binds) with the B-cells 
and/or T-cell Surface antigen receptors that recognize the 
polypeptide. Immunogenic portions may generally be iden 
tified using well known techniques, such as those Summa 
rized in Paul, Fundamental Immunology, 3rd ed., 243-247 
(Raven Press, 1993) and references cited therein. Such tech 
niques include screening polypeptides for the ability to react 
with antigen-specific antibodies, antisera and/or T-cell lines 
or clones. As used herein, antisera and antibodies are “anti 
gen-specific’ if they specifically bind to an antigen (i.e., they 
react with the protein in an ELISA or other immunoassay, and 
do not react detectably with unrelated proteins). Such antisera 
and antibodies may be prepared as described herein, and 
using well-known techniques. 
0547. In one preferred embodiment, an immunogenic por 
tion of a polypeptide of the present invention is a portion that 
reacts with antisera and/or T-cells at a level that is not sub 
stantially less than the reactivity of the full-length polypep 
tide (e.g., in an ELISA and/or T-cell reactivity assay). Pref 
erably, the level of immunogenic activity of the immunogenic 
portion is at least about 50%, preferably at least about 70% 
and most preferably greater than about 90% of the immuno 
genicity for the full-length polypeptide. In some instances, 
preferred immunogenic portions will be identified that have a 
level of immunogenic activity greater than that of the corre 
sponding full-length polypeptide, e.g., having greater than 
about 100% or 150% or more immunogenic activity. 
0548. In certain other embodiments, illustrative immuno 
genic portions may include peptides in which an N-terminal 
leader sequence and/or transmembrane domain have been 
deleted. Other illustrative immunogenic portions will contain 
a small N- and/or C-terminal deletion (e.g., 1-30 amino acids, 
preferably 5-15 amino acids), relative to the mature protein. 
0549. In another embodiment, a polypeptide composition 
of the invention may also comprise one or more polypeptides 
that are immunologically reactive with T cells and/or anti 
bodies generated against a polypeptide of the invention, par 
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ticularly a polypeptide having an amino acid sequence dis 
closed herein, or to an immunogenic fragment or variant 
thereof. 
0550. In another embodiment of the invention, polypep 
tides are provided that comprise one or more polypeptides 
that are capable of eliciting T cells and/or antibodies that are 
immunologically reactive with one or more polypeptides 
described herein, or one or more polypeptides encoded by 
contiguous nucleic acid sequences contained in the poly 
nucleotide sequences disclosed herein, or immunogenic frag 
ments or variants thereof, or to one or more nucleic acid 
sequences which hybridize to one or more of these sequences 
under conditions of moderate to high Stringency. 
0551. The present invention, in another aspect, provides 
polypeptide fragments comprising at least about 5, 10, 15, 20, 
25, 50, or 100 contiguous amino acids, or more, including all 
intermediate lengths, of a polypeptide compositions set forth 
herein, such as those set forth in SEQID NO:152, 155, 156, 
165, 166, 169, 170, 172, 174, 176,226-252, 338-344, 346, 
350,357,361,363,365,367, 369,376-382 and 387-419,441, 
443, 446, 449, 451-466, 468-477, 480-482, and 484, or those 
encoded by a polynucleotide sequence set forth in a sequence 
of SEQID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 
52, 54, 55, 57-59, 61-69, 71, 73,74, 77,78, 80-82, 84, 86-96, 
107-109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 
148-151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 
184-186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 
217, 220-224, 253-337, 345, 347, 349, 358, 362,364, 365, 
368, 370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 
478,479 and 483. 
0552. In another aspect, the present invention provides 
variants of the polypeptide compositions described herein. 
Polypeptide variants generally encompassed by the present 
invention will typically exhibit at least about 70%, 75%,80%, 
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 
99% or more identity (determined as described below), along 
its length, to a polypeptide sequences set forth herein. 
0553. In one preferred embodiment, the polypeptide frag 
ments and variants provide by the present invention are 
immunologically reactive with an antibody and/or T-cell that 
reacts with a full-length polypeptide specifically set for the 
herein. 
0554. In another preferred embodiment, the polypeptide 
fragments and variants provided by the present invention 
exhibit a level of immunogenic activity of at least about 50%, 
preferably at least about 70%, and most preferably at least 
about 90% or more of that exhibited by a full-length polypep 
tide sequence specifically set forth herein. 
0555. A polypeptide “variant, as the term is used herein, 

is a polypeptide that typically differs from a polypeptide 
specifically disclosed herein in one or more Substitutions, 
deletions, additions and/or insertions. Such variants may be 
naturally occurring or may be synthetically generated, for 
example, by modifying one or more of the above polypeptide 
sequences of the invention and evaluating their immunogenic 
activity as described herein and/or using any of a number of 
techniques well known in the art. 
0556. For example, certain illustrative variants of the 
polypeptides of the invention include those in which one or 
more portions, such as an N-terminal leader sequence or 
transmembrane domain, have been removed. Other illustra 
tive variants include variants in which a small portion (e.g., 
1-30 amino acids, preferably 5-15 amino acids) has been 
removed from the N- and/or C-terminal of the mature protein. 
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0557. In many instances, a variant will contain conserva 
tive substitutions. A "conservative substitution' is one in 
which an amino acid is Substituted for anotheramino acid that 
has similar properties, such that one skilled in the art of 
peptide chemistry would expect the secondary structure and 
hydropathic nature of the polypeptide to be substantially 
unchanged. As described above, modifications may be made 
in the structure of the polynucleotides and polypeptides of the 
present invention and still obtain a functional molecule that 
encodes a variant or derivative polypeptide with desirable 
characteristics, e.g., with immunogenic characteristics. 
When it is desired to alter the amino acid sequence of a 
polypeptide to create an equivalent, or even an improved, 
immunogenic variant orportion of a polypeptide of the inven 
tion, one skilled in the art will typically change one or more of 
the codons of the encoding DNA sequence according to Table 
1 

0558 For example, certainamino acids may be substituted 
for other amino acids in a protein structure without appre 
ciable loss of interactive binding capacity with structures 
Such as, for example, antigen-binding regions of antibodies or 
binding sites on Substrate molecules. Since it is the interactive 
capacity and nature of a protein that defines that protein's 
biological functional activity, certain amino acid sequence 
Substitutions can be made in a protein sequence, and, of 
course, its underlying DNA coding sequence, and neverthe 
less obtain a protein with like properties. It is thus contem 
plated that various changes may be made in the peptide 
sequences of the disclosed compositions, or corresponding 
DNA sequences which encode said peptides without appre 
ciable loss of their biological utility or activity. 

TABLE 1. 

Amino Acids Codons 

Alanine Ala A. GCA GCC GCG GCU 

Cysteine Cys C UGC UGU 

Aspartic acid Asp D GAC GAU 

Glutamic acid Glu E GAA GAG 

Phenylalanine Phe UUC UUU 

Glycine Gly G GGA. GGC GGG GGU 

Histidine His H CAC CAU 

Isoleucine Ile I AUA AUC AUU 

Lysine Lys K AAA AAG 

Leucine Leu L UUA UUG. CUA CUC CUG. CUU 

Methionine Met M AUG 

Asparagine As n N AAC AAU 

Proline Pro P CCA CCC CCG CCU 

Glutamine Glin Q CAA CAG 

Arginine Arg R AGA AGG CGA CGC CGG CGU 

Serine Ser S AGC AGU UCA, UCC UCG UCU 

Threonine Thir T ACA ACC ACG ACU 

Waline Wall W. GUA GUC GUG GUU 
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TABLE 1 - continued 

Amino Acids Codons 

Tryptophan Trp W UGG 

Tyrosine Tyr Y UAC UAU 

0559. In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the hydro 
pathic amino acid index in conferring interactive biologic 
function on a protein is generally understood in the art (Kyte 
and Doolittle, 1982, incorporated herein by reference). It is 
accepted that the relative hydropathic character of the amino 
acid contributes to the secondary structure of the resultant 
protein, which in turn defines the interaction of the protein 
with other molecules, for example, enzymes, Substrates, 
receptors, DNA, antibodies, antigens, and the like. Each 
amino acid has been assigned a hydropathic index on the basis 
of its hydrophobicity and charge characteristics (Kyte and 
Doolittle, 1982). These values are: isoleucine (+4.5); valine 
(+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine 
(+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4): 
threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine 
(-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); 
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine 
(-3.9); and arginine (-4.5). 
0560. It is known in the art that certainamino acids may be 
Substituted by otheramino acids having a similar hydropathic 
index or score and still result in a protein with similar bio 
logical activity, i.e. still obtain a biological functionally 
equivalent protein. In making Such changes, the Substitution 
of amino acids whose hydropathic indices are within t2 is 
preferred, those within +1 are particularly preferred, and 
those within +0.5 are even more particularly preferred. It is 
also understood in the art that the substitution of like amino 
acids can be made effectively on the basis of hydrophilicity. 
U.S. Pat. No. 4,554,101 (specifically incorporated herein by 
reference in its entirety), States that the greatest local average 
hydrophilicity of a protein, as governed by the hydrophilicity 
of its adjacent amino acids, correlates with a biological prop 
erty of the protein. 
0561. As detailed in U.S. Pat. No. 4,554,101, the follow 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0+1): 
glutamate (+3.0 t1); serine (+0.3); asparagine (+0.2): 
glutamine (+0.2); glycine (O); threonine (-0.4); proline (-0. 
5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (31 
3.4). It is understood that an amino acid can be substituted for 
another having a similar hydrophilicity value and still obtain 
a biologically equivalent, and in particular, an immunologi 
cally equivalent protein. In Such changes, the Substitution of 
amino acids whose hydrophilicity values are within +2 is 
preferred, those within +1 are particularly preferred, and 
those within +0.5 are even more particularly preferred. 
0562. As outlined above, amino acid substitutions are gen 
erally therefore based on the relative similarity of the amino 
acid side-chain Substituents, for example, their hydrophobic 
ity, hydrophilicity, charge, size, and the like. Exemplary Sub 
stitutions that take various of the foregoing characteristics 
into consideration are well known to those of skill in the art 
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and include: arginine and lysine; glutamate and aspartate; 
serine and threonine; glutamine and asparagine; and valine, 
leucine and isoleucine. 
0563. In addition, any polynucleotide may be further 
modified to increase stability in vivo. Possible modifications 
include, but are not limited to, the addition of flanking 
sequences at the 5' and/or 3' ends; the use of phosphorothioate 
or 2 O-methyl rather than phosphodiesterase linkages in the 
backbone; and/or the inclusion of nontraditional bases Such 
as inosine, queosine and Wybutosine, as well as acetyl 
methyl-, thio- and other modified forms of adenine, cytidine, 
guanine, thymine and uridine. 
0564) Amino acid substitutions may further be made on 
the basis of similarity in polarity, charge, solubility, hydro 
phobicity, hydrophilicity and/or the amphipathic nature of the 
residues. For example, negatively charged amino acids 
include aspartic acid and glutamic acid; positively charged 
amino acids include lysine and arginine; and amino acids with 
uncharged polar head groups having similar hydrophilicity 
values include leucine, isoleucine and valine; glycine and 
alanine; asparagine and glutamine; and serine, threonine, 
phenylalanine and tyrosine. Other groups of amino acids that 
may represent conservative changes include: (1) ala, pro, gly, 
glu, asp, gln, asn, ser, thr; (2) cys, ser, tyr, thr; (3) Val, ile, leu, 
met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. A 
variant may also, or alternatively, contain non-conservative 
changes. In a preferred embodiment, variant polypeptides 
differ from a native sequence by substitution, deletion or 
addition of five amino acids or fewer. Variants may also (or 
alternatively) be modified by, for example, the deletion or 
addition of amino acids that have minimal influence on the 
immunogenicity, secondary structure and hydropathic nature 
of the polypeptide. 
0565. As noted above, polypeptides may comprise a signal 
(or leader) sequence at the N-terminal end of the protein, 
which co-translationally or post-translationally directs trans 
fer of the protein. The polypeptide may also be conjugated to 
a linker or other sequence for ease of synthesis, purification or 
identification of the polypeptide (e.g., poly-His), or to 
enhance binding of the polypeptide to a solid Support. For 
example, a polypeptide may be conjugated to an immunoglo 
bulin Fc region. 
0566. When comparing polypeptide sequences, two 
sequences are said to be “identical” if the sequence of amino 
acids in the two sequences is the same when aligned for 
maximum correspondence, as described below. Comparisons 
between two sequences are typically performed by compar 
ing the sequences over a comparison window to identify and 
compare local regions of sequence similarity. A "comparison 
window' as used herein, refers to a segment of at least about 
20 contiguous positions, usually 30 to about 75, 40 to about 
50, in which a sequence may be compared to a reference 
sequence of the same number of contiguous positions after 
the two sequences are optimally aligned. 
0567 Optimal alignment of sequences for comparison 
may be conducted using the Megalign program in the Laser 
gene suite of bioinformatics software (DNASTAR, Inc., 
Madison, Wis.), using default parameters. This program 
embodies several alignment schemes described in the follow 
ing references: Dayhoff, M.O. (1978) A model of evolution 
ary change in proteins—Matrices for detecting distant rela 
tionships. In Dayhoff, M. O. (ed.) Atlas of Protein Sequence 
and Structure, National Biomedical Research Foundation, 
Washington D.C. Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) 
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Unified Approach to Alignment and Phylogenes pp. 626-645 
Methods in Enzymology vol. 183, Academic Press, Inc., San 
Diego, Calif.; Higgins, D. G. and Sharp, P. M. (1989) 
CABIOS 5:151-153; Myers, E. W. and Muller W. (1988) 
CABIOS 4:11-17: Robinson, E. D. (1971) Comb. Theor 
11:105; Santou, N. Nes, M. (1987) Mol. Biol. Evol. 4:406 
425: Sneath, P. H. A. and Sokal, R. R. (1973) Numerical 
Taxonomy—the Principles and Practice of Numerical Tax 
onomy, Freeman Press, San Francisco, Calif.; Wilbur, W. J. 
and Lipman, D.J. (1983) Proc. Natl. Acad., Sci. USA 80:726 
730. 
0568 Alternatively, optimal alignment of sequences for 
comparison may be conducted by the local identity algorithm 
of Smith and Waterman (1981) Add. APL. Math 2:482, by the 
identity alignment algorithm of Needleman and Wunsch 
(1970).J. Mol. Biol. 48:443, by the search for similarity meth 
ods of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. USA 
85: 2444, by computerized implementations of these algo 
rithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group (GCG), 575 Science Dr. Madison, Wis.), or by inspec 
tion. 
0569. One preferred example of algorithms that are suit 
able for determining percent sequence identity and sequence 
similarity are the BLAST and BLAST 2.0 algorithms, which 
are described in Altschul et al. (1977) Nucl. Acids Res. 
25:3389-3402 and Altschul et al. (1990).J. Mol. Biol. 215: 
403-410, respectively. BLAST and BLAST 2.0 can be used, 
for example with the parameters described herein, to deter 
mine percent sequence identity for the polynucleotides and 
polypeptides of the invention. Software for performing 
BLAST analyses is publicly available through the National 
Center for Biotechnology Information. For amino acid 
sequences, a scoring matrix can be used to calculate the 
cumulative score. Extension of the word hits in each direction 
are halted when: the cumulative alignment score falls off by 
the quantity X from its maximum achieved value; the cumu 
lative score goes to Zero or below, due to the accumulation of 
one or more negative-scoring residue alignments; or the end 
of either sequence is reached. The BLAST algorithm param 
eters W. T and X determine the sensitivity and speed of the 
alignment. 
0570. In one preferred approach, the “percentage of 
sequence identity is determined by comparing two optimally 
aligned sequences over a window of comparison of at least 20 
positions, wherein the portion of the polypeptide sequence in 
the comparison window may comprise additions or deletions 
(i.e., gaps) of 20 percent or less, usually 5 to 15 percent, or 10 
to 12 percent, as compared to the reference sequences (which 
does not comprise additions or deletions) for optimal align 
ment of the two sequences. The percentage is calculated by 
determining the number of positions at which the identical 
amino acid residue occurs in both sequences to yield the 
number of matched positions, dividing the number of 
matched positions by the total number of positions in the 
reference sequence (i.e., the window size) and multiplying 
the results by 100 to yield the percentage of sequence identity. 
0571. Within other illustrative embodiments, a polypep 
tide may be a fusion polypeptide that comprises multiple 
polypeptides as described herein, or that comprises at least 
one polypeptide as described herein and an unrelated 
sequence, such as a known tumor protein. A fusion partner 
may, for example, assist in providing T helper epitopes (an 
immunological fusion partner), preferably T helper epitopes 
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recognized by humans, or may assist in expressing the protein 
(an expression enhancer) at higher yields than the native 
recombinant protein. Certain preferred fusion partners are 
both immunological and expression enhancing fusion part 
ners. Other fusion partners may be selected so as to increase 
the solubility of the polypeptide or to enable the polypeptide 
to be targeted to desired intracellular compartments. Still 
further fusion partners include affinity tags, which facilitate 
purification of the polypeptide. 
0572 Fusion polypeptides may generally be prepared 
using standard techniques, including chemical conjugation. 
Preferably, a fusion polypeptide is expressed as a recombi 
nant polypeptide, allowing the production of increased levels, 
relative to a non-fused polypeptide, in an expression system. 
Briefly, DNA sequences encoding the polypeptide compo 
nents may be assembled separately, and ligated into an appro 
priate expression vector. The 3' end of the DNA sequence 
encoding one polypeptide component is ligated, with or with 
out a peptide linker, to the 5' end of a DNA sequence encoding 
the second polypeptide component so that the reading frames 
of the sequences are in phase. This permits translation into a 
single fusion polypeptide that retains the biological activity of 
both component polypeptides. 
0573 A peptide linker sequence may be employed to 
separate the first and second polypeptide components by a 
distance sufficient to ensure that each polypeptide folds into 
its secondary and tertiary structures. Such a peptide linker 
sequence is incorporated into the fusion polypeptide using 
standard techniques well known in the art. Suitable peptide 
linker sequences may be chosen based on the following fac 
tors: (1) their ability to adopt a flexible extended conforma 
tion; (2) their inability to adopt a secondary structure that 
could interact with functional epitopes on the first and second 
polypeptides; and (3) the lack of hydrophobic or charged 
residues that might react with the polypeptide functional 
epitopes. Preferred peptide linker sequences contain Gly, ASn 
and Ser residues. Other near neutral amino acids, such as Thr 
and Ala may also be used in the linker sequence. Amino acid 
sequences which may be usefully employed as linkers 
include those disclosed in Maratea et al., Gene 40:39-46, 
1985; Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258 
8262, 1986; U.S. Pat. No. 4,935,233 and U.S. Pat. No. 4,751, 
180. The linker sequence may generally be from 1 to about 50 
amino acids in length. Linker sequences are not required 
when the first and second polypeptides have non-essential 
N-terminal amino acid regions that can be used to separate the 
functional domains and prevent steric interference. 
0574. The ligated DNA sequences are operably linked to 
Suitable transcriptional or translational regulatory elements. 
The regulatory elements responsible for expression of DNA 
are located only 5' to the DNA sequence encoding the first 
polypeptides. Similarly, stop codons required to end transla 
tion and transcription termination signals are only present 3' 
to the DNA sequence encoding the second polypeptide. 
0575. The fusion polypeptide can comprise a polypeptide 
as described herein together with an unrelated immunogenic 
protein, Such as an immunogenic protein capable of eliciting 
a recall response. Examples of such proteins include tetanus, 
tuberculosis and hepatitis proteins (see, for example, Stoute 
et al. New Engl. J. Med., 336:86-91, 1997). 
0576. In one preferred embodiment, the immunological 
fusion partner is derived from a Mycobacterium sp., Such as a 
Mycobacterium tuberculosis-derived Ra12 fragment. Ra12 
compositions and methods for their use in enhancing the 
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expression and/or immunogenicity of heterologous poly 
nucleotide/polypeptide sequences is described in U.S. Patent 
Application 60/158,585, the disclosure of which is incorpo 
rated herein by reference in its entirety. Briefly, Ra12 refers to 
a polynucleotide region that is a Subsequence of a Mycobac 
terium tuberculosis MTB32A nucleic acid. MTB32A is a 
serine protease of 32 KD molecular weight encoded by a gene 
in virulent and avirulent strains of M. tuberculosis. The nucle 
otide sequence and amino acid sequence of MTB32A have 
been described (for example, U.S. Patent Application 60/158, 
585; see also, Skeiky et al., Infection and Immun. (1999) 
67:3998-4007, incorporated herein by reference). C-terminal 
fragments of the MTB32A coding sequence express at high 
levels and remain as a soluble polypeptides throughout the 
purification process. Moreover, Ra12 may enhance the 
immunogenicity of heterologous immunogenic polypeptides 
with which it is fused. One preferred Ra12 fusion polypeptide 
comprises a 14 KD C-terminal fragment corresponding to 
amino acid residues 192 to 323 of MTB32A. 
0577. Other preferred Ra12 polynucleotides generally 
comprise at least about 15 consecutive nucleotides, at least 
about 30 nucleotides, at least about 60 nucleotides, at least 
about 100 nucleotides, at least about 200 nucleotides, or at 
least about 300 nucleotides that encode a portion of a Ra12 
polypeptide. 
0578 Ra12 polynucleotides may comprise a native 
sequence (i.e., an endogenous sequence that encodes a Ra12 
polypeptide or a portion thereof) or may comprise a variant of 
Such a sequence. Ra12 polynucleotide variants may contain 
one or more Substitutions, additions, deletions and/or inser 
tions such that the biological activity of the encoded fusion 
polypeptide is not substantially diminished, relative to a 
fusion polypeptide comprising a native Ra12 polypeptide. 
Variants preferably exhibit at least about 70% identity, more 
preferably at least about 80% identity and most preferably at 
least about 90% identity to a polynucleotide sequence that 
encodes a native Ra12 polypeptide or a portion thereof. 
0579. Within other preferred embodiments, an immuno 
logical fusion partner is derived from protein D, a Surface 
protein of the gram-negative bacterium Haemophilus influ 
enza B (WO 91/18926). Preferably, a protein D derivative 
comprises approximately the first third of the protein (e.g., the 
first N-terminal 100-110 amino acids), and a protein D deriva 
tive may be lipidated. Within certain preferred embodiments, 
the first 109 residues of a Lipoprotein D fusion partner is 
included on the N-terminus to provide the polypeptide with 
additional exogenous T-cell epitopes and to increase the 
expression level in E. coli (thus functioning as an expression 
enhancer). The lipid tail ensures optimal presentation of the 
antigen to antigen presenting cells. Other fusion partners 
include the non-structural protein from influenza virus, NS1 
(haemagglutinin). Typically, the N-terminal 81 amino acids 
are used, although different fragments that include T-helper 
epitopes may be used. 
0580. In another embodiment, the immunological fusion 
partner is the protein known as LYTA, or a portion thereof 
(preferably a C-terminal portion). LYTA is derived from 
Streptococcus pneumoniae, which synthesizes an N-acetyl 
L-alanine amidase known as amidase LYTA (encoded by the 
LytA gene; Gene 43:265-292, 1986). LYTA is an autolysin 
that specifically degrades certain bonds in the peptidoglycan 
backbone. The C-terminal domain of the LYTA protein is 
responsible for the affinity to the choline or to some choline 
analogues such as DEAE. This property has been exploited 
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for the development of E. coli C-LYTA expressing plasmids 
useful for expression of fusion proteins. Purification of hybrid 
proteins containing the C-LYTA fragment at the amino ter 
minus has been described (see Biotechnology 10:795-798, 
1992). Within a preferred embodiment, a repeat portion of 
LYTA may be incorporated into a fusion polypeptide. A 
repeat portion is found in the C-terminal region starting at 
residue 178. A particularly preferred repeat portion incorpo 
rates residues 188-305. 

0581. Yet another illustrative embodiment involves fusion 
polypeptides, and the polynucleotides encoding them, 
wherein the fusion partner comprises a targeting signal 
capable of directing a polypeptide to the endosomal/lysoso 
mal compartment, as described in U.S. Pat. No. 5,633,234. An 
immunogenic polypeptide of the invention, when fused with 
this targeting signal, will associate more efficiently with 
MHC class II molecules and thereby provide enhanced in 
vivo stimulation of CD4 T-cells specific for the polypeptide. 
0582 Polypeptides of the invention are prepared using any 
of a variety of well known synthetic and/or recombinant 
techniques, the latter of which are further described below. 
Polypeptides, portions and other variants generally less than 
about 150 amino acids can be generated by synthetic means, 
using techniques well known to those of ordinary skill in the 
art. In one illustrative example, such polypeptides are synthe 
sized using any of the commercially available Solid-phase 
techniques, such as the Merrifield Solid-phase synthesis 
method, where amino acids are sequentially added to a grow 
ing amino acid chain. See Merrifield, J. Am. Chem. Soc. 
85:2149-2146, 1963. Equipment for automated synthesis of 
polypeptides is commercially available from Suppliers such 
as Perkin Elmer/Applied BioSystems Division (Foster City, 
Calif.), and may be operated according to the manufacturer's 
instructions. 
0583. In general, polypeptide compositions (including 
fusion polypeptides) of the invention are isolated. An "iso 
lated polypeptide is one that is removed from its original 
environment. For example, a naturally-occurring protein or 
polypeptide is isolated if it is separated from some or all of the 
coexisting materials in the natural system. Preferably, Such 
polypeptides are also purified, e.g., are at least about 90% 
pure, more preferably at least about 95% pure and most 
preferably at least about 99% pure. 

Polynucleotide Compositions 

0584) The present invention, in other aspects, provides 
polynucleotide compositions. The terms “DNA and “poly 
nucleotide' are used essentially interchangeably herein to 
refer to a DNA molecule that has been isolated free of total 
genomic DNA of a particular species. “Isolated as used 
herein, means that a polynucleotide is Substantially away 
from other coding sequences, and that the DNA molecule 
does not contain large portions of unrelated coding DNA, 
Such as large chromosomal fragments or other functional 
genes or polypeptide coding regions. Of course, this refers to 
the DNA molecule as originally isolated, and does not 
exclude genes or coding regions later added to the segment by 
the hand of man. 

0585. As will be understood by those skilled in the art, the 
polynucleotide compositions of this invention can include 
genomic sequences, extra-genomic and plasmid-encoded 
sequences and Smaller engineered gene segments that 
express, or may be adapted to express, proteins, polypeptides, 
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peptides and the like. Such segments may be naturally iso 
lated, or modified synthetically by the hand of man. 
0586. As will be also recognized by the skilled artisan, 
polynucleotides of the invention may be single-stranded 
(coding or antisense) or double-stranded, and may be DNA 
(genomic, cDNA or synthetic) or RNA molecules. RNA mol 
ecules may include HnRNA molecules, which contain introns 
and correspond to a DNA molecule in a one-to-one manner, 
and mRNA molecules, which do not contain introns. Addi 
tional coding or non-coding sequences may, but need not, be 
present within a polynucleotide of the present invention, and 
a polynucleotide may, but need not, be linked to other mol 
ecules and/or Support materials. 
0587 Polynucleotides may comprise a native sequence 

(i.e., an endogenous sequence that encodes a polypeptide? 
protein of the invention or a portion thereof) or may comprise 
a sequence that encodes a variant orderivative, preferably and 
immunogenic variant or derivative, of Such a sequence. 
0588. Therefore, according to another aspect of the 
present invention, polynucleotide compositions are provided 
that comprise some or all of a polynucleotide sequence set 
forthin any one of SEQID NO:1-3, 6-8, 10-13, 15-27, 29.30, 
32, 34-49, 51, 52, 54, 55, 57-59, 61-69, 71, 73, 74, 77, 78, 
80-82, 84, 86-96, 107-109, 111, 113, 125, 127, 128, 129, 
131-133, 142, 144, 148-151, 153, 154, 157, 158, 160, 167, 
168, 171, 179, 182, 184-186, 188-191, 193, 194, 198-207, 
209, 210, 213, 214, 217, 220-224, 253-337, 345, 347, 349, 
358, 362,364, 365, 368, 370-375, 420, 424, 428,431, 434, 
442, 447, 450, 467, 478, 479, 483, 485, and 489, comple 
ments of a polynucleotide sequence set forth in any one of 
SEQID NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51,52, 
54, 55, 57-59, 61-69, 71, 73, 74, 77, 78, 80-82, 84, 86-96, 
107-109, 111, 113, 125, 127, 128, 129, 131-133, 142, 144, 
148-151,153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 
184-186, 188-191, 193, 194, 198-207, 209, 210, 213, 214, 
217, 220-224, 253-337, 345, 347, 349, 358, 362,364, 365, 
368, 370-375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 
478, 479, 483, 485, and 489, and degenerate variants of a 
polynucleotide sequence set forth in any one of SEQ ID 
NO:1-3, 6-8, 10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 54,55, 
57-59, 61-69, 71, 73,74, 77, 78, 80-82, 84, 86-96, 107-109, 
111, 113, 125, 127, 128, 129, 131-133, 142, 144, 148-151, 
153, 154, 157, 158, 160, 167, 168, 171, 179, 182, 184-186, 
188-191, 193, 194, 198-207, 209, 210, 213, 214, 217, 220 
224, 253-337,345, 347, 349,358, 362,364, 365, 368, 370 
375, 420, 424, 428, 431, 434, 442, 447, 450, 467, 478,479, 
483, 485, and 489. In certain preferred embodiments, the 
polynucleotide sequences set forth herein encode immuno 
genic polypeptides, as described above. 
0589. In other related embodiments, the present invention 
provides polynucleotide variants having Substantial identity 
to the sequences disclosed herein in SEQ ID NO:1-3, 6-8, 
10-13, 15-27, 29, 30, 32, 34-49, 51, 52, 54, 55, 57-59, 61-69, 
71, 73,74, 77, 78, 80-82, 84, 86-96, 107-109, 111, 113, 125, 
127, 128, 129, 131-133, 142, 144, 148-151, 153, 154, 157, 
158, 160, 167, 168, 171, 179, 182, 184-186, 188-191, 193, 
194, 198-207, 209, 210, 213, 214, 217, 220-224, 253-337, 
345, 347, 349, 358, 362,364, 365, 368, 370-375, 420, 424, 
428, 431, 434, 442, 447, 450, 467, 478, 479, 483, 485, and 
489, for example those comprising at least 70% sequence 
identity, preferably at least 75%, 80%, 85%, 90%,95%,96%, 
97%, 98%, or 99% or higher, sequence identity compared to 
a polynucleotide sequence of this invention using the meth 
ods described herein, (e.g., BLAST analysis using standard 
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parameters, as described below). One skilled in this art will 
recognize that these values can be appropriately adjusted to 
determine corresponding identity of proteins encoded by two 
nucleotide sequences by taking into account codon degen 
eracy, amino acid similarity, reading frame positioning and 
the like. 
0590 Typically, polynucleotide variants will contain one 
or more Substitutions, additions, deletions and/or insertions, 
preferably such that the immunogenicity of the polypeptide 
encoded by the variant polynucleotide is not substantially 
diminished relative to a polypeptide encoded by a polynucle 
otide sequence specifically set forth herein). The term “vari 
ants' should also be understood to encompasses homologous 
genes of Xenogenic origin. 
0591. In additional embodiments, the present invention 
provides polynucleotide fragments comprising various 
lengths of contiguous stretches of sequence identical to or 
complementary to one or more of the sequences disclosed 
herein. For example, polynucleotides are provided by this 
invention that comprise at least about 10, 15, 20, 30, 40, 50. 
75, 100, 150, 200, 300, 400, 500 or 1000 or more contiguous 
nucleotides of one or more of the sequences disclosed herein 
as well as all intermediate lengths there between. It will be 
readily understood that “intermediate lengths, in this con 
text, means any length between the quoted values, such as 16, 
17, 18, 19, etc.; 21, 22, 23, etc.; 30, 31, 32, etc.:50, 51, 52,53, 
etc.; 100, 101, 102, 103, etc.; 150, 151,152, 153, etc.; includ 
ing all integers through 200-500: 500-1,000, and the like. 
0592. In another embodiment of the invention, polynucle 
otide compositions are provided that are capable of hybridiz 
ing under moderate to high Stringency conditions to a poly 
nucleotide sequence provided herein, or a fragment thereof, 
or a complementary sequence thereof. Hybridization tech 
niques are well known in the art of molecular biology. For 
purposes of illustration, Suitable moderately stringent condi 
tions for testing the hybridization of a polynucleotide of this 
invention with other polynucleotides include prewashing in a 
solution of 5xSSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); 
hybridizing at 50° C.-60° C., 5x SSC, overnight; followed by 
washing twice at 65° C. for 20 minutes with each of 2x, 0.5x 
and 0.2xSSC containing 0.1% SDS. One skilled in the art will 
understand that the stringency of hybridization can be readily 
manipulated, such as by altering the salt content of the hybrid 
ization solution and/or the temperature at which the hybrid 
ization is performed. For example, in another embodiment, 
Suitable highly stringent hybridization conditions include 
those described above, with the exception that the tempera 
ture of hybridization is increased, e.g., to 60-65°C. or 65-70 
C 

0593. In certain preferred embodiments, the polynucle 
otides described above, e.g., polynucleotide variants, frag 
ments and hybridizing sequences, encode polypeptides that 
are immunologically cross-reactive with a polypeptide 
sequence specifically set forth herein. In other preferred 
embodiments, such polynucleotides encode polypeptides that 
have a level of immunogenic activity of at least about 50%, 
preferably at least about 70%, and more preferably at least 
about 90% of that for a polypeptide sequence specifically set 
forth herein. 
0594. The polynucleotides of the present invention, or 
fragments thereof, regardless of the length of the coding 
sequence itself, may be combined with other DNA sequences, 
Such as promoters, polyadenylation signals, additional 
restriction enzyme sites, multiple cloning sites, other coding 



US 2010/0239615 A1 

segments, and the like, such that their overall length may vary 
considerably. It is therefore contemplated that a nucleic acid 
fragment of almost any length may be employed, with the 
total length preferably being limited by the ease of prepara 
tion and use in the intended recombinant DNA protocol. For 
example, illustrative polynucleotide segments with total 
lengths of about 10,000, about 5000, about 3000, about 2,000, 
about 1,000, about 500, about 200, about 100, about 50 base 
pairs in length, and the like, (including all intermediate 
lengths) are contemplated to be useful in many implementa 
tions of this invention. 
0595. When comparing polynucleotide sequences, two 
sequences are said to be “identical” if the sequence of nucle 
otides in the two sequences is the same when aligned for 
maximum correspondence, as described below. Comparisons 
between two sequences are typically performed by compar 
ing the sequences over a comparison window to identify and 
compare local regions of sequence similarity. A "comparison 
window' as used herein, refers to a segment of at least about 
20 contiguous positions, usually 30 to about 75, 40 to about 
50, in which a sequence may be compared to a reference 
sequence of the same number of contiguous positions after 
the two sequences are optimally aligned. Optimal alignment 
of sequences for comparison may be conducted using the 
Megalign program in the Lasergene Suite of bioinformatics 
software (DNASTAR, Inc., Madison, Wis.), using default 
parameters. This program embodies several alignment 
schemes described in the following references: Dayhoff, M. 
O. (1978) A model of evolutionary change in proteins— 
Matrices for detecting distant relationships. In Dayhoff, M. 
O. (ed.) Atlas of Protein Sequence and Structure, National 
Biomedical Research Foundation, Washington D.C. Vol. 5, 
Suppl. 3, pp. 345-358; Hein J. (1990) Unified Approach to 
Alignment and Phylogenespp. 626-645 Methods in Enzymol 
ogy vol. 183, Academic Press, Inc., San Diego, Calif.; Hig 
gins, D. G. and Sharp, P. M. (1989) CABIOS 5:151-153: 
Myers, E. W. and Muller W. (1988) CABIOS 4:11-17; Rob 
inson, E. D. (1971) Comb. Theor 11:105: Santou, N. Nes, M. 
(1987) Mol. Biol. Evol. 4:406-425: Sneath, P. H. A. and Sokal, 
R. R. (1973) Numerical Taxonomy—the Principles and Prac 
tice of Numerical Taxonomy, Freeman Press, San Francisco, 
Calif.; Wilbur, W. J. and Lipman, D. J. (1983) Proc. Natl. 
Acad., Sci. USA 80:726-730. 
0596 Alternatively, optimal alignment of sequences for 
comparison may be conducted by the local identity algorithm 
of Smith and Waterman (1981) Add. APL. Math 2:482, by the 
identity alignment algorithm of Needleman and Wunsch 
(1970).J. Mol. Biol. 48:443, by the search for similarity meth 
ods of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. USA 
85: 2444, by computerized implementations of these algo 
rithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group (GCG), 575 Science Dr. Madison, Wis.), or by inspec 
tion. 

0597. One preferred example of algorithms that are suit 
able for determining percent sequence identity and sequence 
similarity are the BLAST and BLAST 2.0 algorithms, which 
are described in Altschul et al. (1977) Nucl. Acids Res. 
25:3389-3402 and Altschul et al. (1990).J. Mol. Biol. 215: 
403-410, respectively. BLAST and BLAST 2.0 can be used, 
for example with the parameters described herein, to deter 
mine percent sequence identity for the polynucleotides of the 
invention. Software for performing BLAST analyses is pub 
licly available through the National Center for Biotechnology 
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Information. In one illustrative example, cumulative scores 
can be calculated using, for nucleotide sequences, the param 
eters M (reward score for a pair of matching residues; always 
>0) and N (penalty score for mismatching residues; always 
<0). Extension of the word hits in each direction are halted 
when: the cumulative alignment score falls off by the quantity 
X from its maximum achieved value; the cumulative score 
goes to Zero or below, due to the accumulation of one or more 
negative-scoring residue alignments; or the end of either 
sequence is reached. The BLAST algorithm parameters W.T 
and X determine the sensitivity and speed of the alignment. 
The BLASTN program (for nucleotide sequences) uses as 
defaults a wordlength (W) of 11, and expectation (E) of 10, 
and the BLOSUM62 scoring matrix (see Henikoff and Heni 
koff (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments, 
(B) of 50, expectation (E) of 10, M=5, N=-4 and a compari 
son of both strands. 
0598 Preferably, the “percentage of sequence identity” is 
determined by comparing two optimally aligned sequences 
overa window of comparison of at least 20 positions, wherein 
the portion of the polynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) of 20 
percent or less, usually 5 to 15 percent, or 10 to 12 percent, as 
compared to the reference sequences (which does not com 
prise additions or deletions) for optimal alignment of the two 
sequences. The percentage is calculated by determining the 
number of positions at which the identical nucleic acid bases 
occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the reference sequence (i.e., the 
window size) and multiplying the results by 100 to yield the 
percentage of sequence identity. 
0599. It will be appreciated by those of ordinary skill in the 
art that, as a result of the degeneracy of the genetic code, there 
are many nucleotide sequences that encode a polypeptide as 
described herein. Some of these polynucleotides bear mini 
mal homology to the nucleotide sequence of any native gene. 
0600 Nonetheless, polynucleotides that vary due to dif 
ferences in codon usage are specifically contemplated by the 
present invention. Further, alleles of the genes comprising the 
polynucleotide sequences provided herein are within the 
Scope of the present invention. Alleles are endogenous genes 
that are altered as a result of one or more mutations, such as 
deletions, additions and/or substitutions of nucleotides. The 
resulting mRNA and protein may, but need not, have an 
altered structure or function. Alleles may be identified using 
standard techniques (such as hybridization, amplification 
and/or database sequence comparison). 
0601 Therefore, in another embodiment of the invention, 
a mutagenesis approach, such as site-specific mutagenesis, is 
employed for the preparation of immunogenic variants and/or 
derivatives of the polypeptides described herein. By this 
approach, specific modifications in a polypeptide sequence 
can be made through mutagenesis of the underlying poly 
nucleotides that encode them. These techniques provides a 
straightforward approach to prepare and test sequence vari 
ants, for example, incorporating one or more of the foregoing 
considerations, by introducing one or more nucleotide 
sequence changes into the polynucleotide. 
0602 Site-specific mutagenesis allows the production of 
mutants through the use of specific oligonucleotide 
sequences which encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent nucle 
otides, to provide a primer sequence of Sufficient size and 
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sequence complexity to form a stable duplex on both sides of 
the deletion junction being traversed. Mutations may be 
employed in a selected polynucleotide sequence to improve, 
alter, decrease, modify, or otherwise change the properties of 
the polynucleotide itself, and/or alter the properties, activity, 
composition, stability, or primary sequence of the encoded 
polypeptide. 
0603. In certain embodiments of the present invention, the 
inventors contemplate the mutagenesis of the disclosed poly 
nucleotide sequences to alter one or more properties of the 
encoded polypeptide. Such as the immunogenicity of a 
polypeptide vaccine. The techniques of site-specific 
mutagenesis are well-known in the art, and are widely used to 
create variants of both polypeptides and polynucleotides. For 
example, site-specific mutagenesis is often used to alter a 
specific portion of a DNA molecule. In such embodiments, a 
primer comprising typically about 14 to about 25 nucleotides 
or so in length is employed, with about 5 to about 10 residues 
on both sides of the junction of the sequence being altered. 
0604. As will be appreciated by those of skill in the art, 
site-specific mutagenesis techniques have often employed a 
phage vector that exists in both a single stranded and double 
stranded form. Typical vectors useful in site-directed 
mutagenesis include vectors such as the M13 phage. These 
phage are readily commercially-available and their use is 
generally well-known to those skilled in the art. Double 
Stranded plasmids are also routinely employed in site directed 
mutagenesis that eliminates the step of transferring the gene 
of interest from a plasmid to a phage. 
0605. In general, site-directed mutagenesis in accordance 
herewith is performed by first obtaining a single-stranded 
vector or melting apart of two strands of a double-stranded 
vector that includes within its sequence a DNA sequence that 
encodes the desired peptide. An oligonucleotide primer bear 
ing the desired mutated sequence is prepared, generally Syn 
thetically. This primer is then annealed with the single 
stranded vector, and subjected to DNA polymerizing 
enzymes such as E. coli polymerase I Klenow fragment, in 
order to complete the synthesis of the mutation-bearing 
strand. Thus, a heteroduplex is formed wherein one strand 
encodes the original non-mutated sequence and the second 
strand bears the desired mutation. This heteroduplex vector is 
then used to transform appropriate cells, such as E. coli cells, 
and clones are selected which include recombinant vectors 
bearing the mutated sequence arrangement. 
0606. The preparation of sequence variants of the selected 
peptide-encoding DNA segments using site-directed 
mutagenesis provides a means of producing potentially use 
ful species and is not meant to be limiting as there are other 
ways in which sequence variants of peptides and the DNA 
sequences encoding them may be obtained. For example, 
recombinant vectors encoding the desired peptide sequence 
may be treated with mutagenic agents, such as hydroxy 
lamine, to obtain sequence variants. Specific details regarding 
these methods and protocols are found in the teachings of 
Maloy et al., 1994; Segal, 1976; Prokop and Bajpai, 1991; 
Kuby, 1994; and Maniatis et al., 1982, each incorporated 
herein by reference, for that purpose. 
0607 As used herein, the term "oligonucleotide directed 
mutagenesis procedure” refers to template-dependent pro 
cesses and vector-mediated propagation which result in an 
increase in the concentration of a specific nucleic acid mol 
ecule relative to its initial concentration, or in an increase in 
the concentration of a detectable signal. Such as amplifica 
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tion. As used herein, the term "oligonucleotide directed 
mutagenesis procedure' is intended to refer to a process that 
involves the template-dependent extension of a primer mol 
ecule. The term template dependent process refers to nucleic 
acid synthesis of an RNA or a DNA molecule wherein the 
sequence of the newly synthesized Strand of nucleic acid is 
dictated by the well-known rules of complementary base 
pairing (see, for example, Watson, 1987). Typically, vector 
mediated methodologies involve the introduction of the 
nucleic acid fragment into a DNA or RNA vector, the clonal 
amplification of the vector, and the recovery of the amplified 
nucleic acid fragment. Examples of Such methodologies are 
provided by U.S. Pat. No. 4.237,224, specifically incorpo 
rated herein by reference in its entirety. 
0608. In another approach for the production of polypep 
tide variants of the present invention, recursive sequence 
recombination, as described in U.S. Pat. No. 5,837,458, may 
be employed. In this approach, iterative cycles of recombina 
tion and screening or selection are performed to “evolve' 
individual polynucleotide variants of the invention having, 
for example, enhanced immunogenic activity. 
0609. In other embodiments of the present invention, the 
polynucleotide sequences provided herein can be advanta 
geously used as probes or primers for nucleic acid hybridiza 
tion. As such, it is contemplated that nucleic acid segments 
that comprise a sequence region of at least about 15 nucle 
otide long contiguous sequence that has the same sequence 
as, or is complementary to, a 15 nucleotide long contiguous 
sequence disclosed herein will find particular utility. Longer 
contiguous identical or complementary sequences, e.g., those 
of about 20, 30, 40, 50, 100, 200, 500, 1000 (including all 
intermediate lengths) and even up to full length sequences 
will also be of use in certain embodiments. 
0610 The ability of such nucleic acid probes to specifi 
cally hybridize to a sequence of interest will enable them to be 
ofuse in detecting the presence of complementary sequences 
in a given sample. However, other uses are also envisioned, 
Such as the use of the sequence information for the prepara 
tion of mutant species primers, or primers for use in preparing 
other genetic constructions. 
0611 Polynucleotide molecules having sequence regions 
consisting of contiguous nucleotide stretches of 10-14, 15-20, 
30, 50, or even of 100-200 nucleotides or so (including inter 
mediate lengths as well), identical or complementary to a 
polynucleotide sequence disclosed herein, are particularly 
contemplated as hybridization probes for use in, e.g., South 
ern and Northern blotting. This would allow a gene product, 
or fragment thereof, to be analyzed, both in diverse cell types 
and also in various bacterial cells. The total size of fragment, 
as well as the size of the complementary stretch(es), will 
ultimately depend on the intended use or application of the 
particular nucleic acid segment. Smaller fragments will gen 
erally find use in hybridization embodiments, wherein the 
length of the contiguous complementary region may be var 
ied, such as between about 15 and about 100 nucleotides, but 
larger contiguous complementarity stretches may be used, 
according to the length complementary sequences one wishes 
to detect. 

0612. The use of a hybridization probe of about 15-25 
nucleotides in length allows the formation of a duplex mol 
ecule that is both stable and selective. Molecules having 
contiguous complementary sequences over stretches greater 
than 15 bases in length are generally preferred, though, in 
order to increase stability and selectivity of the hybrid, and 
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thereby improve the quality and degree of specific hybrid 
molecules obtained. One will generally prefer to design 
nucleic acid molecules having gene-complementary stretches 
of 15 to 25 contiguous nucleotides, or even longer where 
desired. 
0613 Hybridization probes may be selected from any por 
tion of any of the sequences disclosed herein. All that is 
required is to review the sequences set forth herein, or to any 
continuous portion of the sequences, from about 15-25 nucle 
otides in length up to and including the full length sequence, 
that one wishes to utilize as a probe or primer. The choice of 
probe and primer sequences may be governed by various 
factors. For example, one may wish to employ primers from 
towards the termini of the total sequence. 
0.614 Small polynucleotide segments or fragments may 
be readily prepared by, for example, directly synthesizing the 
fragment by chemical means, as is commonly practiced using 
an automated oligonucleotide synthesizer. Also, fragments 
may be obtained by application of nucleic acid reproduction 
technology, such as the PCRTM technology of U.S. Pat. No. 
4,683.202 (incorporated herein by reference), by introducing 
selected sequences into recombinant vectors for recombinant 
production, and by other recombinant DNA techniques gen 
erally known to those of skill in the art of molecular biology. 
0615. The nucleotide sequences of the invention may be 
used for their ability to selectively form duplex molecules 
with complementary stretches of the entire gene or gene 
fragments of interest. Depending on the application envi 
sioned, one will typically desire to employ varying conditions 
of hybridization to achieve varying degrees of selectivity of 
probe towards target sequence. For applications requiring 
high selectivity, one will typically desire to employ relatively 
stringent conditions to form the hybrids, e.g., one will select 
relatively low salt and/or high temperature conditions, such as 
provided by a salt concentration of from about 0.02 M to 
about 0.15 M salt at temperatures of from about 50° C. to 
about 70° C. Such selective conditions tolerate little, if any, 
mismatch between the probe and the template or target Strand, 
and would be particularly suitable for isolating related 
Sequences. 
0616. Of course, for some applications, for example, 
where one desires to prepare mutants employing a mutant 
primer strand hybridized to an underlying template, less strin 
gent (reduced stringency) hybridization conditions will typi 
cally be needed in order to allow formation of the heterodu 
plex. In these circumstances, one may desire to employ salt 
conditions such as those of from about 0.15 M to about 0.9 M 
salt, attemperatures ranging from about 20° C. to about 55° 
C. Cross-hybridizing species can thereby be readily identified 
as positively hybridizing signals with respect to control 
hybridizations. In any case, it is generally appreciated that 
conditions can be rendered more stringent by the addition of 
increasing amounts of formamide, which serves to destabilize 
the hybrid duplex in the same manner as increased tempera 
ture. Thus, hybridization conditions can be readily manipu 
lated, and thus will generally be a method of choice depend 
ing on the desired results. 
0617. According to another embodiment of the present 
invention, polynucleotide compositions comprising anti 
sense oligonucleotides are provided. Antisense oligonucle 
otides have been demonstrated to be effective and targeted 
inhibitors of protein synthesis, and, consequently, provide a 
therapeutic approach by which a disease can be treated by 
inhibiting the synthesis of proteins that contribute to the dis 
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ease. The efficacy of antisense oligonucleotides for inhibiting 
protein synthesis is well established. For example, the syn 
thesis of polygalactauronase and the muscarine type 2 ace 
tylcholine receptor are inhibited by antisense oligonucle 
otides directed to their respective mRNA sequences (U.S. Pat. 
No. 5,739,119 and U.S. Pat. No. 5,759,829). Further, 
examples of antisense inhibition have been demonstrated 
with the nuclear protein cyclin, the multiple drug resistance 
gene (MDG1), ICAM-1, E-selectin, STK-1, striatal GABA 
receptor and human EGF (Jaskulski et al., Science. 1988 Jun. 
10; 240(4858): 1544-6; Vasanthakumar and Ahmed, Cancer 
Commun. 1989:1 (4): 225-32: Peris et al., Brain Res Mol 
Brain Res. 1998 Jun. 15: 57(2):310-20; U.S. Pat. No. 5,801, 
154; U.S. Pat. No. 5,789,573: U.S. Pat. No. 5,718,709 and 
U.S. Pat. No. 5,610,288). Antisense constructs have also been 
described that inhibit and can be used to treat a variety of 
abnormal cellular proliferations, e.g. cancer (U.S. Pat. No. 
5,747,470; U.S. Pat. No. 5,591.317 and U.S. Pat. No. 5,783, 
683). 
0618. Therefore, in certain embodiments, the present 
invention provides oligonucleotide sequences that comprise 
all, or a portion of any sequence that is capable of specifically 
binding to polynucleotide sequence described herein, or a 
complement thereof. In one embodiment, the antisense oli 
gonucleotides comprise DNA or derivatives thereof. In 
another embodiment, the oligonucleotides comprise RNA or 
derivatives thereof. In a third embodiment, the oligonucle 
otides are modified DNAS comprising a phosphorothioated 
modified backbone. In a fourth embodiment, the oligonucle 
otide sequences comprise peptide nucleic acids orderivatives 
thereof. In each case, preferred compositions comprise a 
sequence region that is complementary, and more preferably 
Substantially-complementary, and even more preferably, 
completely complementary to one or more portions of poly 
nucleotides disclosed herein. Selection of antisense compo 
sitions specific for a given gene sequence is based upon analy 
sis of the chosen target sequence and determination of 
secondary structure, T, binding energy, and relative stabil 
ity. Antisense compositions may be selected based upon their 
relative inability to form dimers, hairpins, or other secondary 
structures that would reduce or prohibit specific binding to the 
target mRNA in a host cell. Highly preferred target regions of 
the mRNA, are those which are at or near the AUG translation 
initiation codon, and those sequences which are substantially 
complementary to 5' regions of the mRNA. These secondary 
structure analyses and target site selection considerations can 
be performed, for example, using V.4 of the OLIGO primer 
analysis software and/or the BLASTN 2.0.5 algorithm soft 
ware (Altschulet al., Nucleic Acids Res. 1997, 25(17):3389 
402). 
0619. The use of an antisense delivery method employing 
a short peptide vector, termed MPG (27 residues), is also 
contemplated. The MPG peptide contains a hydrophobic 
domain derived from the fusion sequence of HIV gp41 and a 
hydrophilic domain from the nuclear localization sequence of 
SV40 T-antigen (Morris et al., Nucleic Acids Res. 1997 Jul. 
15; 25(14):2730-6). It has been demonstrated that several 
molecules of the MPG peptide coat the antisense oligonucle 
otides and can be delivered into cultured mammalian cells in 
less than 1 hour with relatively high efficiency (90%). Further, 
the interaction with MPG strongly increases both the stability 
of the oligonucleotide to nuclease and the ability to cross the 
plasma membrane. 
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0620. According to another embodiment of the invention, 
the polynucleotide compositions described herein are used in 
the design and preparation of ribozyme molecules for inhib 
iting expression of the tumor polypeptides and proteins of the 
present invention in tumor cells. Ribozymes are RNA-protein 
complexes that cleave nucleic acids in a site-specific fashion. 
Ribozymes have specific catalytic domains that possess 
endonuclease activity (Kim and Cech, Proc Natl AcadSci U 
S.A. 1987 December; 84(24):8788-92; Forster and Symons, 
Cell. 1987 Apr. 24; 49(2):211-20). For example, a large num 
ber of ribozymes accelerate phosphoester transfer reactions 
with a high degree of specificity, often cleaving only one of 
several phosphoesters in an oligonucleotide Substrate (Cech 
et al., Cell. 1981 December; 27(3 Pt 2):487-96; Michel and 
Westhof, J Mol Biol. 1990 Dec.5: 216(3):585-610; Reinhold 
Hurek and Shub, Nature. 1992 May 14; 357(6374):173-6). 
This specificity has been attributed to the requirement that the 
Substrate bind via specific base-pairing interactions to the 
internal guide sequence (“IGS) of the ribozyme prior to 
chemical reaction. 
0621. Six basic varieties of naturally-occurring enzymatic 
RNAs are known presently. Each can catalyze the hydrolysis 
of RNA phosphodiester bonds in trans (and thus can cleave 
other RNA molecules) under physiological conditions. In 
general, enzymatic nucleic acids act by first binding to a target 
RNA. Such binding occurs through the target binding portion 
of a enzymatic nucleic acid which is held in close proximity 
to an enzymatic portion of the molecule that acts to cleave the 
target RNA. Thus, the enzymatic nucleic acid first recognizes 
and then binds a target RNA through complementary base 
pairing, and once bound to the correct site, acts enzymatically 
to cut the target RNA. Strategic cleavage of such a target RNA 
will destroy its ability to direct synthesis of an encoded pro 
tein. After an enzymatic nucleic acid has bound and cleaved 
its RNA target, it is released from that RNA to search for 
another target and can repeatedly bind and cleave new targets. 
0622. The enzymatic nature of a ribozyme is advanta 
geous over many technologies, such as antisense technology 
(where a nucleic acid molecule simply binds to a nucleic acid 
target to block its translation) since the concentration of 
ribozyme necessary to affect a therapeutic treatment is lower 
than that of an antisense oligonucleotide. This advantage 
reflects the ability of the ribozyme to act enzymatically. Thus, 
a single ribozyme molecule is able to cleave many molecules 
of target RNA. In addition, the ribozyme is a highly specific 
inhibitor, with the specificity of inhibition depending not only 
on the base pairing mechanism of binding to the target RNA, 
but also on the mechanism of target RNA cleavage. Single 
mismatches, or base-substitutions, near the site of cleavage 
can completely eliminate catalytic activity of a ribozyme. 
Similar mismatches in antisense molecules do not prevent 
their action (Woolfetal. Proc Natl AcadSci USA. 1992 Aug. 
15: 89(16):7305-9). Thus, the specificity of action of a 
ribozyme is greater than that of an antisense oligonucleotide 
binding the same RNA site. 
0623 The enzymatic nucleic acid molecule may be 
formed in a hammerhead, hairpin, a hepatitis 8 virus, group I 
intron or RNasePRNA (in association with an RNA guide 
sequence) or Neurospora VS RNA motif. Examples of ham 
merhead motifs are described by Rossi et al. Nucleic Acids 
Res. 1992 Sep. 11; 20(17):4559-65. Examples of hairpin 
motifs are described by Hampel et al. (Eur. Pat. Appl. Publ. 
No. EP 0360257), Hampel and Tritz, Biochemistry 1989Jun. 
13; 28(12):4929-33; Hampel et al., Nucleic Acids Res. 1990 
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Jan. 25; 18(2):299-304 and U.S. Pat. No. 5,631,359. An 
example of the hepatitis 8 virus motif is described by Perrotta 
and Been, Biochemistry. 1992 Dec. 1; 31(47): 11843-52; an 
example of the RNaseP motif is described by Guerrier 
Takada et al., Cell. 1983 December; 35(3 Pt 2):849-57; Neu 
rospora VS RNA ribozyme motif is described by Collins 
(Saville and Collins, Cell. 1990 May 18; 61 (4):685-96: 
Saville and Collins, Proc Natl Acad Sci U S A. 1991 Oct. 1; 
88(19):8826-30; Collins and Olive, Biochemistry. 1993 Mar. 
23: 32(11):2795-9); and an example of the Group I intron is 
described in (U.S. Pat. No. 4,987,071). All that is important in 
an enzymatic nucleic acid molecule of this invention is that it 
has a specific Substrate binding site which is complementary 
to one or more of the target gene RNA regions, and that it have 
nucleotide sequences within or Surrounding that Substrate 
binding site which impart an RNA cleaving activity to the 
molecule. Thus the ribozyme constructs need not be limited 
to specific motifs mentioned herein. 
0624 Ribozymes may be designed as described in Int. Pat. 
Appl. Publ. No. WO 93/23569 and Int. Pat. Appl. Publ. No. 
WO94/02595, each specifically incorporated herein by ref 
erence) and synthesized to be tested in vitro and in Vivo, as 
described. Such ribozymes can also be optimized for delivery. 
While specific examples are provided, those in the art will 
recognize that equivalent RNA targets in other species can be 
utilized when necessary. 
0625 Ribozyme activity can be optimized by altering the 
length of the ribozyme binding arms, or chemically synthe 
sizing ribozymes with modifications that prevent their degra 
dation by serum ribonucleases (see e.g., Int. Pat. Appl. Publ. 
No. WO92/07065; Int. Pat. Appl. Publ. No. WO 93/15187; 
Int. Pat. Appl. Publ. No. WO 91/03162: Eur. Pat. Appl. Publ. 
No. 921 10298.4; U.S. Pat. No. 5,334,711; and Int. Pat. Appl. 
Publ. No. WO 94/13688, which describe various chemical 
modifications that can be made to the Sugar moieties of enzy 
matic RNA molecules), modifications which enhance their 
efficacy in cells, and removal of stem II bases to shorten RNA 
synthesis times and reduce chemical requirements. 
0626. Sullivan et al. (Int. Pat. Appl. Publ. No. WO 
94/02595) describes the general methods for delivery of 
enzymatic RNA molecules. Ribozymes may be administered 
to cells by a variety of methods known to those familiar to the 
art, including, but not restricted to, encapsulation in lipo 
Somes, by iontophoresis, or by incorporation into other 
vehicles, such as hydrogels, cyclodextrins, biodegradable 
nanocapsules, and bioadhesive microspheres. For some indi 
cations, ribozymes may be directly delivered ex vivo to cells 
or tissues with or without the aforementioned vehicles. Alter 
natively, the RNA/vehicle combination may be locally deliv 
ered by direct inhalation, by direct injection or by use of a 
catheter, infusion pump or stint. Other routes of delivery 
include, but are not limited to, intravascular, intramuscular, 
Subcutaneous or joint injection, aerosol inhalation, oral (tab 
let or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of 
ribozyme delivery and administration are provided in Int. Pat. 
Appl. Publ. No. WO94/02595 and Int. Pat. Appl. Publ. No. 
WO93/23569, each specifically incorporated herein by ref 
CCC. 

0627. Another means of accumulating high concentra 
tions of a ribozyme(s) within cells is to incorporate the 
ribozyme-encoding sequences into a DNA expression vector. 
Transcription of the ribozyme sequences are driven from a 
promoter for eukaryotic RNA polymerase I (pol I), RNA 
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polymerase II (pol II), or RNA polymerase III (pol III). Tran 
scripts from pol II or pol III promoters will be expressed at 
high levels in all cells; the levels of a given pol II promoter in 
a given cell type will depend on the nature of the gene regu 
latory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters may also be used, 
providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells. Ribozymes expressed from 
Such promoters have been shown to function in mammalian 
cells. Such transcription units can be incorporated into a 
variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral 
DNA vectors (such as adenovirus or adeno-associated vec 
tors), or viral RNA vectors (such as retroviral, semliki forest 
virus, sindbis virus vectors). 
0628. In another embodiment of the invention, peptide 
nucleic acids (PNAs) compositions are provided. PNA is a 
DNA mimic in which the nucleobases are attached to a 
pseudopeptide backbone (Good and Nielsen, Antisense 
Nucleic Acid Drug Dev. 19977(4) 431–37). PNA is able to be 
utilized in a number methods that traditionally have used 
RNA or DNA. Often PNA sequences perform better in tech 
niques than the corresponding RNA or DNA sequences and 
have utilities that are not inherent to RNA or DNA. A review 
of PNA including methods of making, characteristics of, and 
methods of using, is provided by Corey (Trends Biotechnol 
1997 June; 15(6):224-9). As such, in certain embodiments, 
one may prepare PNA sequences that are complementary to 
one or more portions of the ACE mRNA sequence, and such 
PNA compositions may be used to regulate, alter, decrease, or 
reduce the translation of ACE-specific mRNA, and thereby 
alter the level of ACE activity in a host cell to which such PNA 
compositions have been administered. 
0629 PNAS have 2-aminoethyl-glycine linkages replac 
ing the normal phosphodiesterbackbone of DNA (Nielsen et 
al., Science 1991 Dec. 6; 254(5037): 1497-500; Hanvey et al., 
Science. 1992 Nov. 27; 258(5087): 1481-5: Hyrup and 
Nielsen, Bioorg Med Chem. 1996 January; 4(1):5-23). This 
chemistry has three important consequences: firstly, in con 
trast to DNA orphosphorothioate oligonucleotides, PNAS are 
neutral molecules; secondly, PNAS are achiral, which avoids 
the need to develop a stereoselective synthesis; and thirdly, 
PNA synthesis uses standard Boc or Fmoc protocols for solid 
phase peptide synthesis, although other methods, including a 
modified Merrifield method, have been used. 
0630 PNA monomers or ready-made oligomers are com 
mercially available from PerSeptive Biosystems (Framing 
ham, Mass.). PNA syntheses by either Boc or Fmoc protocols 
are straightforward using manual or automated protocols 
(Norton et al., Bioorg Med Chem. 1995 April; 3(4):437-45). 
The manual protocol lends itself to the production of chemi 
cally modified PNAS or the simultaneous synthesis of fami 
lies of closely related PNAs. 
0631. As with peptide synthesis, the success of a particular 
PNA synthesis will depend on the properties of the chosen 
sequence. For example, while in theory PNAs can incorporate 
any combination of nucleotide bases, the presence of adjacent 
purines can lead to deletions of one or more residues in the 
product. In expectation of this difficulty, it is Suggested that, 
in producing PNAS with adjacent purines, one should repeat 
the coupling of residues likely to be added inefficiently. This 
should be followed by the purification of PNAS by reverse 
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phase high-pressure liquid chromatography, providing yields 
and purity of product similar to those observed during the 
synthesis of peptides. 
0632 Modifications of PNAs for a given application may 
be accomplished by coupling amino acids during Solid-phase 
synthesis or by attaching compounds that contain a carboxy 
lic acid group to the exposed N-terminal amine. Alternatively, 
PNAs can be modified after synthesis by coupling to an 
introduced lysine or cysteine. The ease with which PNAS can 
be modified facilitates optimization for better solubility or for 
specific functional requirements. Once synthesized, the iden 
tity of PNAS and their derivatives can be confirmed by mass 
spectrometry. Several studies have made and utilized modi 
fications of PNAS (for example, Norton et al., Bioorg Med 
Chem. 1995 April; 3(4):437-45; Petersen et al., J Pept Sci. 
1995 May-June; 1(3):175-83: Orum et al., Biotechniques. 
1995 September 19(3):472-80; Footer et al., Biochemistry. 
1996 Aug. 20; 35(33):10673-9; Griffith et al., Nucleic Acids 
Res. 1995 Aug. 11; 23(15):3003-8: Pardridge et al., Proc Natl 
AcadSci USA. 1995 Jun. 6:92(12):5592-6: Boffa et al., Proc 
Natl Acad Sci USA. 1995 Mar. 14: 92(6):1901-5: Gam 
bacorti-Passerini et al., Blood. 1996 Aug. 15: 88(4): 1411-7: 
Armitage et al., Proc Natl Acad Sci USA. 1997 Nov. 11; 
94(23):12320-5: Seeger et al., Biotechniques. 1997 Septem 
ber; 23(3):512-7). U.S. Pat. No. 5,700,922 discusses PNA 
DNA-PNA chimeric molecules and their uses in diagnostics, 
modulating protein in organisms, and treatment of conditions 
Susceptible to therapeutics. 
0633 Methods of characterizing the antisense binding 
properties of PNAs are discussed in Rose (Anal Chem. 1993 
Dec. 15: 65(24):3545-9) and Jensen et al. (Biochemistry. 
1997 Apr. 22:36(16):5072-7). Rose uses capillary gel elec 
trophoresis to determine binding of PNAS to their comple 
mentary oligonucleotide, measuring the relative binding 
kinetics and Stoichiometry. Similar types of measurements 
were made by Jensen et al. using BIAcoreTM technology. 
0634. Other applications of PNAs that have been 
described and will be apparent to the skilled artisan include 
use in DNA strand invasion, antisense inhibition, mutational 
analysis, enhancers of transcription, nucleic acid purification, 
isolation of transcriptionally active genes, blocking of tran 
Scription factor binding, genome cleavage, biosensors, in situ 
hybridization, and the like. 

Polynucleotide Identification, Characterization and Expres 
sion 

0635 Polynucleotides compositions of the present inven 
tion may be identified, prepared and/or manipulated using 
any of a variety of well established techniques (see generally, 
Sambrook et al., Molecular Cloning. A Laboratory Manual, 
Cold Spring Harbor Laboratories, Cold Spring Harbor, N.Y., 
1989, and other like references). For example, a polynucle 
otide may be identified, as described in more detail below, by 
screening a microarray of cDNAs for tumor-associated 
expression (i.e., expression that is at least two fold greater in 
a tumor than in normal tissue, as determined using a repre 
sentative assay provided herein). Such screens may be per 
formed, for example, using the microarray technology of 
Affymetrix, Inc. (Santa Clara, Calif.) according to the manu 
facturer's instructions (and essentially as described by 
Schena et al., Proc. Natl. Acad. Sci. USA 93:10614-10619, 
1996 and Heller et al., Proc. Natl. Acad. Sci. USA 94:2150 
2155, 1997). Alternatively, polynucleotides may be amplified 
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from cDNA prepared from cells expressing the proteins 
described herein, such as tumor cells. 
0636. Many template dependent processes are available to 
amplify a target sequences of interest present in a sample. One 
of the best known amplification methods is the polymerase 
chain reaction (PCRTM) which is described in detail in U.S. 
Pat. Nos. 4,683, 195, 4,683.202 and 4,800,159, each of which 
is incorporated herein by reference in its entirety. Briefly, in 
PCRTM, two primer sequences are prepared which are 
complementary to regions on opposite complementary 
Strands of the target sequence. An excess of deoxynucleoside 
triphosphates is added to a reaction mixture along with a 
DNA polymerase (e.g., Taq polymerase). If the target 
sequence is present in a sample, the primers will bind to the 
target and the polymerase will cause the primers to be 
extended along the target sequence by adding on nucleotides. 
By raising and lowering the temperature of the reaction mix 
ture, the extended primers will dissociate from the target to 
form reaction products, excess primers will bind to the target 
and to the reaction product and the process is repeated. Pref 
erably reverse transcription and PCRTM amplification proce 
dure may be performed in order to quantify the amount of 
mRNA amplified. Polymerase chain reaction methodologies 
are well known in the art. 
0637 Any of a number of other template dependent pro 
cesses, many of which are variations of the PCRTM amplifi 
cation technique, are readily known and available in the art. 
Illustratively, Some such methods include the ligase chain 
reaction (referred to as LCR), described, for example, in Eur. 
Pat. Appl. Publ. No. 320,308 and U.S. Pat. No. 4,883,750; 
Qbeta Replicase, described in PCT Intl. Pat. Appl. Publ. No. 
PCT/US87/00880; Strand Displacement Amplification 
(SDA) and Repair Chain Reaction (RCR). Still other ampli 
fication methods are described in Great Britain Pat. Appl. No. 
2 202 328, and in PCT Intl. Pat. Appl. Publ. No. PCT/US89/ 
01025. Other nucleic acid amplification procedures include 
transcription-based amplification systems (TAS) (PCT Intl. 
Pat. Appl. Publ. No. WO 88/10315), including nucleic acid 
sequence based amplification (NASBA) and 3SR. Eur. Pat. 
Appl. Publ. No. 329,822 describes a nucleic acid amplifica 
tion process involving cyclically synthesizing single 
stranded RNA (“ssRNA), ssDNA, and double-stranded 
DNA (dsDNA). PCT Intl. Pat. Appl. Publ. No.WO 89/06700 
describes a nucleic acid sequence amplification scheme based 
on the hybridization of a promoter/primer sequence to a target 
single-stranded DNA (ssDNA) followed by transcription 
of many RNA copies of the sequence. Other amplification 
methods such as “RACE (Frohman, 1990), and “one-sided 
PCR" (Ohara, 1989) are also well-known to those of skill in 
the art. 
0638. An amplified portion of a polynucleotide of the 
present invention may be used to isolate a full length gene 
from a suitable library (e.g., a tumor cDNA library) using well 
known techniques. Within such techniques, a library (cDNA 
or genomic) is screened using one or more polynucleotide 
probes or primers suitable for amplification. Preferably, a 
library is size-selected to include larger molecules. Random 
primed libraries may also be preferred for identifying 5' and 
upstream regions of genes. Genomic libraries are preferred 
for obtaining introns and extending 5' sequences. 
0639 For hybridization techniques, a partial sequence 
may be labeled (e.g., by nick-translation or end-labeling with 
'P) using well known techniques. A bacterial or bacterioph 
age library is then generally screened by hybridizing filters 
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containing denatured bacterial colonies (or lawns containing 
phage plaques) with the labeled probe (see Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring Har 
bor Laboratories, Cold Spring Harbor, N.Y., 1989). Hybrid 
izing colonies or plaques are selected and expanded, and the 
DNA is isolated for further analysis. cDNA clones may be 
analyzed to determine the amount of additional sequence by, 
for example, PCR using a primer from the partial sequence 
and a primer from the vector. Restriction maps and partial 
sequences may be generated to identify one or more overlap 
ping clones. The complete sequence may then be determined 
using standard techniques, which may involve generating a 
series of deletion clones. The resulting overlapping 
sequences can then assembled into a single contiguous 
sequence. A full length cDNA molecule can be generated by 
ligating Suitable fragments, using well known techniques. 
0640 Alternatively, amplification techniques, such as 
those described above, can be useful for obtaining a full 
length coding sequence from a partial cDNA sequence. One 
such amplification technique is inverse PCR (see Triglia et al., 
Nucl. Acids Res. 16:8186, 1988), which uses restriction 
enzymes to generate a fragment in the known region of the 
gene. The fragment is then circularized by intramolecular 
ligation and used as a template for PCR with divergent prim 
ers derived from the known region. Within an alternative 
approach, sequences adjacent to a partial sequence may be 
retrieved by amplification with a primer to a linker sequence 
and a primer specific to a known region. The amplified 
sequences are typically subjected to a second round of ampli 
fication with the same linker primer and a second primer 
specific to the known region. A variation on this procedure, 
which employs two primers that initiate extension in opposite 
directions from the known sequence, is described in WO 
96/38591. Another such technique is known as “rapid ampli 
fication of cDNA ends' or RACE. This technique involves the 
use of an internal primer and an external primer, which 
hybridizes to a polyA region or vector sequence, to identify 
sequences that are 5' and 3' of a known sequence. Additional 
techniques include capture PCR (Lagerstrom et al., PCR 
Methods Applic. 1:111-19, 1991) and walking PCR (Parker et 
al., Nucl. Acids. Res. 19:3055-60, 1991). Other methods 
employing amplification may also be employed to obtain a 
full length cDNA sequence. 
0641. In certain instances, it is possible to obtain a full 
length cDNA sequence by analysis of sequences provided in 
an expressed sequence tag (EST) database. Such as that avail 
able from GenBank. Searches for overlapping ESTs may 
generally be performed using well known programs (e.g., 
NCBI BLAST searches), and such ESTs may be used to 
generate a contiguous full length sequence. Full length DNA 
sequences may also be obtained by analysis of genomic frag 
mentS. 

0642. In other embodiments of the invention, polynucle 
otide sequences or fragments thereof which encode polypep 
tides of the invention, or fusion proteins or functional equiva 
lents thereof, may be used in recombinant DNA molecules to 
direct expression of a polypeptide in appropriate host cells. 
Due to the inherent degeneracy of the genetic code, other 
DNA sequences that encode Substantially the same or a func 
tionally equivalent amino acid sequence may be produced 
and these sequences may be used to clone and express a given 
polypeptide. 
0643. As will be understood by those of skill in the art, it 
may be advantageous in some instances to produce polypep 
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tide-encoding nucleotide sequences possessing non-naturally 
occurring codons. For example, codons preferred by a par 
ticular prokaryotic or eukaryotic host can be selected to 
increase the rate of protein expression or to produce a recom 
binant RNA transcript having desirable properties, such as a 
half-life which is longer than that of a transcript generated 
from the naturally occurring sequence. 
0644 Moreover, the polynucleotide sequences of the 
present invention can be engineered using methods generally 
known in the art in order to alter polypeptide encoding 
sequences for a variety of reasons, including but not limited 
to, alterations which modify the cloning, processing, and/or 
expression of the gene product. For example, DNA shuffling 
by random fragmentation and PCR reassembly of gene frag 
ments and synthetic oligonucleotides may be used to engineer 
the nucleotide sequences. In addition, site-directed mutagen 
esis may be used to insert new restriction sites, alterglycosy 
lation patterns, change codon preference, produce splice vari 
ants, or introduce mutations, and so forth. 
0645. In another embodiment of the invention, natural, 
modified, or recombinant nucleic acid sequences may be 
ligated to a heterologous sequence to encode a fusion protein. 
For example, to screen peptide libraries for inhibitors of 
polypeptide activity, it may be useful to encode a chimeric 
protein that can be recognized by a commercially available 
antibody. A fusion protein may also be engineered to contain 
a cleavage site located between the polypeptide-encoding 
sequence and the heterologous protein sequence, so that the 
polypeptide may be cleaved and purified away from the het 
erologous moiety. 
0646 Sequences encoding a desired polypeptide may be 
synthesized, in whole or in part, using chemical methods well 
known in the art (see Caruthers, M. H. et al. (1980) Nucl. 
Acids Res. Symp. Ser: 215-223, Horn, T. et al. (1980) Nucl. 
Acids Res. Symp. Ser: 225-232). Alternatively, the protein 
itself may be produced using chemical methods to synthesize 
the amino acid sequence of a polypeptide, or a portion 
thereof. For example, peptide synthesis can be performed 
using various Solid-phase techniques (Roberge, J. Y. et al. 
(1995) Science 269:202-204) and automated synthesis may 
beachieved, for example, using the ABI 431 A Peptide Syn 
thesizer (Perkin Elmer, Palo Alto, Calif.). 
0647. A newly synthesized peptide may be substantially 
purified by preparative high performance liquid chromatog 
raphy (e.g., Creighton, T. (1983) Proteins, Structures and 
Molecular Principles, WHFreeman and Co., New York, N.Y.) 
or other comparable techniques available in the art. The com 
position of the synthetic peptides may be confirmed by amino 
acid analysis or sequencing (e.g., the Edman degradation 
procedure). Additionally, the amino acid sequence of a 
polypeptide, or any part thereof, may be altered during direct 
synthesis and/or combined using chemical methods with 
sequences from other proteins, or any part thereof, to produce 
a variant polypeptide. 
0648. In order to express a desired polypeptide, the nucle 
otide sequences encoding the polypeptide, or functional 
equivalents, may be inserted into appropriate expression vec 
tor, i.e., a vector which contains the necessary elements for 
the transcription and translation of the inserted coding 
sequence. Methods which are well known to those skilled in 
the art may be used to construct expression vectors containing 
sequences encoding a polypeptide of interest and appropriate 
transcriptional and translational control elements. These 
methods include in vitro recombinant DNA techniques, syn 
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thetic techniques, and in vivo genetic recombination. Such 
techniques are described, for example, in Sambrook, J. et al. 
(1989) Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Press, Plainview, N.Y., and Ausubel, F. M. et 
al. (1989) Current Protocols in Molecular Biology, John 
Wiley & Sons, New York. N.Y. 
0649. A variety of expression vector/host systems may be 
utilized to contain and express polynucleotide sequences. 
These include, but are not limited to, microorganisms such as 
bacteria transformed with recombinant bacteriophage, plas 
mid, or cosmid DNA expression vectors; yeast transformed 
with yeast expression vectors; insect cell systems infected 
with virus expression vectors (e.g., baculovirus); plant cell 
systems transformed with virus expression vectors (e.g., cau 
liflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or 
with bacterial expression vectors (e.g., Ti or pBR322 plas 
mids); or animal cell systems. 
0650. The “control elements' or “regulatory sequences 
present in an expression vector are those non-translated 
regions of the vector—enhancers, promoters, 5' and 3' 
untranslated regions--which interact with host cellular pro 
teins to carry out transcription and translation. Such elements 
may vary in their strength and specificity. Depending on the 
vector System and host utilized, any number of suitable tran 
Scription and translation elements, including constitutive and 
inducible promoters, may be used. For example, when clon 
ing in bacterial systems, inducible promoters such as the 
hybrid lacZ promoter of the PBLUESCRIPT phagemid 
(Stratagene, La Jolla, Calif.) or PSPORT1 plasmid (Gibco 
BRL, Gaithersburg, Md.) and the like may be used. In mam 
malian cell systems, promoters from mammalian genes or 
from mammalian viruses are generally preferred. If it is nec 
essary to generate a cell line that contains multiple copies of 
the sequence encoding a polypeptide, vectors based on SV40 
or EBV may be advantageously used with an appropriate 
selectable marker. 
0651. In bacterial systems, any of a number of expression 
vectors may be selected depending upon the use intended for 
the expressed polypeptide. For example, when large quanti 
ties are needed, for example for the induction of antibodies, 
vectors which direct high level expression of fusion proteins 
that are readily purified may be used. Such vectors include, 
but are not limited to, the multifunctional E. coli cloning and 
expression vectors such as BLUESCRIPT (Stratagene), in 
which the sequence encoding the polypeptide of interest may 
be ligated into the vector in frame with sequences for the 
amino-terminal Met and the subsequent 7 residues of beta.- 
galactosidase so that a hybrid protein is produced; plN vec 
tors (Van Heeke, G. and S. M. Schuster (1989).J. Biol. Chem. 
264:5503–5509); and the like. pGEX Vectors (Promega, 
Madison, Wis.) may also be used to express foreign polypep 
tides as fusion proteins with glutathione S-transferase (GST). 
In general. Such fusion proteins are soluble and can easily be 
purified from lysed cells by adsorption to glutathione-agarose 
beads followed by elution in the presence of free glutathione. 
Proteins made in Such systems may be designed to include 
heparin, thrombin, or factor XA protease cleavage sites so 
that the cloned polypeptide of interest can be released from 
the GST moiety at will. 
0652. In the yeast, Saccharomyces cerevisiae, a number of 
vectors containing constitutive or inducible promoters such 
as alpha factor, alcohol oxidase, and PGH may be used. For 
reviews, see Ausubel et al. (supra) and Grant et al. (1987) 
Methods Enzymol. 153:516-544. 
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0653. In cases where plant expression vectors are used, the 
expression of sequences encoding polypeptides may be 
driven by any of a number of promoters. For example, viral 
promoters such as the 35S and 19S promoters of CaMV may 
be used alone or in combination with the omega leader 
sequence from TMV (Takamatsu, N. (1987) EMBO.J. 6:307 
311. Alternatively, plant promoters such as the small subunit 
of RUBISCO or heat shock promoters may be used (Coruzzi, 
G. et al. (1984) EMBO J. 3:1671-1680; Broglie, R. et al. 
(1984) Science 224:838-843; and Winter, J. et al. (1991) 
Results Probl. Cell Differ. 17:85-105). These constructs can 
be introduced into plant cells by direct DNA transformation 
or pathogen-mediated transfection. Such techniques are 
described in a number of generally available reviews (see, for 
example, Hobbs, S. or Murry, L.E. in McGraw Hill Yearbook 
of Science and Technology (1992) McGraw Hill, New York, 
N.Y.; pp. 191-196). 
0654 An insect system may also be used to express a 
polypeptide of interest. For example, in one Such system, 
Autographa californica nuclear polyhedrosis virus (AcNPV) 
is used as a vector to express foreign genes in Spodoptera 
frugiperda cells or in Trichoplusia larvae. The sequences 
encoding the polypeptide may be cloned into a non-essential 
region of the virus, such as the polyhedrin gene, and placed 
under control of the polyhedrin promoter. Successful inser 
tion of the polypeptide-encoding sequence will render the 
polyhedrin gene inactive and produce recombinant virus 
lacking coat protein. The recombinant viruses may then be 
used to infect, for example, S.frugiperda cells or Trichoplusia 
larvae in which the polypeptide of interest may be expressed 
(Engelhard, E. K. et al. (1994) Proc. Natl. Acad. Sci. 91 
:3224-3227). 
0655. In mammalian host cells, a number of viral-based 
expression systems are generally available. For example, in 
cases where an adenovirus is used as an expression vector, 
sequences encoding a polypeptide of interest may be ligated 
into an adenovirus transcription/translation complex consist 
ing of the late promoter and tripartite leader sequence. Inser 
tion in a non-essential E1 or E3 region of the viral genome 
may be used to obtain a viable virus which is capable of 
expressing the polypeptide in infected host cells (Logan, J. 
and Shenk, T. (1984) Proc. Natl. Acad. Sci. 81:3655-3659). In 
addition, transcription enhancers, such as the Rous sarcoma 
virus (RSV) enhancer, may be used to increase expression in 
mammalian host cells. 

0656 Specific initiation signals may also be used to 
achieve more efficient translation of sequences encoding a 
polypeptide of interest. Such signals include the ATG initia 
tion codon and adjacent sequences. In cases where sequences 
encoding the polypeptide, its initiation codon, and upstream 
sequences are inserted into the appropriate expression vector, 
no additional transcriptional or translational control signals 
may be needed. However, in cases where only coding 
sequence, or a portion thereof, is inserted, exogenous trans 
lational control signals including the ATG initiation codon 
should be provided. Furthermore, the initiation codon should 
be in the correct reading frame to ensure translation of the 
entire insert. Exogenous translational elements and initiation 
codons may be of various origins, both natural and synthetic. 
The efficiency of expression may be enhanced by the inclu 
sion of enhancers which are appropriate for the particular cell 
system which is used, such as those described in the literature 
(Scharf, D. et al. (1994) Results Probl. Cell Differ. 20:125 
162). 
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0657. In addition, a host cell strain may be chosen for its 
ability to modulate the expression of the inserted sequences or 
to process the expressed protein in the desired fashion. Such 
modifications of the polypeptide include, but are not limited 
to, acetylation, carboxylation, glycosylation, phosphoryla 
tion, lipidation, and acylation. Post-translational processing 
which cleaves a “prepro’ form of the protein may also be used 
to facilitate correct insertion, folding and/or function. Differ 
ent host cells such as CHO, COS, HeLa, MDCK, HEK293, 
and WI38, which have specific cellular machinery and char 
acteristic mechanisms for Such post-translational activities, 
may be chosen to ensure the correct modification and pro 
cessing of the foreign protein. 
0658. For long-term, high-yield production of recombi 
nant proteins, stable expression is generally preferred. For 
example, cell lines which stably express a polynucleotide of 
interest may be transformed using expression vectors which 
may contain viral origins of replication and/or endogenous 
expression elements and a selectable marker gene on the same 
or on a separate vector. Following the introduction of the 
vector, cells may be allowed to grow for 1-2 days in an 
enriched media before they are switched to selective media. 
The purpose of the selectable marker is to confer resistance to 
selection, and its presence allows growth and recovery of 
cells which Successfully express the introduced sequences. 
Resistant clones of stably transformed cells may be prolifer 
ated using tissue culture techniques appropriate to the cell 
type. 
0659 Any number of selection systems may be used to 
recover transformed cell lines. These include, but are not 
limited to, the herpes simplex virus thymidine kinase (Wigler, 
M. et al. (1977) Cell 11:223-32) and adenine phosphoribo 
syltransferase (Lowy, I. et al. (1990) Cell 22:817-23) genes 
which can be employed in tk. Sup.- or aprt. Sup.-cells, respec 
tively. Also, antimetabolite, antibiotic or herbicide resistance 
can be used as the basis for selection; for example, dhfr which 
confers resistance to methotrexate (Wigler, M. et al. (1980) 
Proc. Natl. Acad. Sci. 77:3567-70); mpt, which confers resis 
tance to the aminoglycosides, neomycin and G-418 (Colbere 
Garapin, F. etal (1981).J. Mol. Biol. 150: 1-14); and als or pat, 
which confer resistance to chlorSulfuron and phosphinotricin 
acetyltransferase, respectively (Murry, Supra). Additional 
selectable genes have been described, for example, trpB, 
which allows cells to utilize indole in place of tryptophan, or 
hisD, which allows cells to utilize histinol in place of histidine 
(Hartman, S.C. and R. C. Mulligan (1988) Proc. Natl. Acad. 
Sci. 85:8047-51). The use of visible markers has gained popu 
larity with Such markers as anthocyanins, beta-glucuronidase 
and its substrate GUS, and luciferase and its substrate 
luciferin, being widely used not only to identify transfor 
mants, but also to quantify the amount of transient or stable 
protein expression attributable to a specific vector system 
(Rhodes, C. A. et al. (1995) Methods Mol. Biol. 55:121-131). 
0660 Although the presence/absence of marker gene 
expression suggests that the gene of interest is also present, its 
presence and expression may need to be confirmed. For 
example, if the sequence encoding a polypeptide is inserted 
within a marker gene sequence, recombinant cells containing 
sequences can be identified by the absence of marker gene 
function. Alternatively, a marker gene can be placed in tan 
dem with a polypeptide-encoding sequence under the control 
of a single promoter. Expression of the marker gene in 
response to induction or selection usually indicates expres 
sion of the tandem gene as well. 
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0661 Alternatively, host cells that contain and express a 
desired polynucleotide sequence may be identified by a vari 
ety of procedures known to those of skill in the art. These 
procedures include, but are not limited to, DNA-DNA or 
DNA-RNA hybridizations and protein bioassay or immu 
noassay techniques which include, for example, membrane, 
Solution, or chip based technologies for the detection and/or 
quantification of nucleic acid or protein. 
0662. A variety of protocols for detecting and measuring 
the expression of polynucleotide-encoded products, using 
either polyclonal or monoclonal antibodies specific for the 
product are known in the art. Examples include enzyme 
linked immunosorbent assay (ELISA), radioimmunoassay 
(RIA), and fluorescence activated cell sorting (FACS). A two 
site, monoclonal-based immunoassay utilizing monoclonal 
antibodies reactive to two non-interfering epitopes on a given 
polypeptide may be preferred for Some applications, but a 
competitive binding assay may also be employed. These and 
other assays are described, among other places, in Hampton, 
R. et al. (1990; Serological Methods, a Laboratory Manual, 
APS Press, St Paul. Minn.) and Maddox, D. E. et al. (1983; J. 
Exp. Med. 158: 1211-1216). 
0663 A wide variety of labels and conjugation techniques 
are known by those skilled in the art and may be used in 
various nucleic acid and amino acid assays. Means for pro 
ducing labeled hybridization or PCR probes for detecting 
sequences related to polynucleotides include oligolabeling, 
nick translation, end-labeling or PCR amplification using a 
labeled nucleotide. Alternatively, the sequences, or any por 
tions thereofmay be cloned into a vector for the production of 
an mRNA probe. Such vectors are known in the art, are 
commercially available, and may be used to synthesize RNA 
probes invitro by addition of an appropriate RNA polymerase 
such as T7, T3, or SP6 and labeled nucleotides. These proce 
dures may be conducted using a variety of commercially 
available kits. Suitable reporter molecules or labels, which 
may be used include radionuclides, enzymes, fluorescent, 
chemiluminescent, or chromogenic agents as well as Sub 
strates, cofactors, inhibitors, magnetic particles, and the like. 
0664) Host cells transformed with a polynucleotide 
sequence of interest may be cultured under conditions Suit 
able for the expression and recovery of the protein from cell 
culture. The protein produced by a recombinant cell may be 
secreted or contained intracellularly depending on the 
sequence and/or the vector used. As will be understood by 
those of skill in the art, expression vectors containing poly 
nucleotides of the invention may be designed to contain sig 
nal sequences which direct secretion of the encoded polypep 
tide through a prokaryotic or eukaryotic cell membrane. 
Other recombinant constructions may be used to join 
sequences encoding a polypeptide of interest to nucleotide 
sequence encoding a polypeptide domain which will facili 
tate purification of soluble proteins. Such purification facili 
tating domains include, but are not limited to, metal chelating 
peptides such as histidine-tryptophan modules that allow 
purification on immobilized metals, protein A domains that 
allow purification on immobilized immunoglobulin, and the 
domain utilized in the FLAGS extension/affinity purification 
system (Immunex Corp., Seattle, Wash.). The inclusion of 
cleavable linker sequences such as those specific for Factor 
XA or enterokinase (Invitrogen. San Diego, Calif.) between 
the purification domain and the encoded polypeptide may be 
used to facilitate purification. One such expression vector 
provides for expression of a fusion protein containing a 
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polypeptide of interestand a nucleic acid encoding 6 histidine 
residues preceding a thioredoxin or an enterokinase cleavage 
site. The histidine residues facilitate purification on IMIAC 
(immobilized metal ion affinity chromatography) as 
described in Porath, J. et al. (1992, Prot. Exp. Purif 3:263 
281) while the enterokinase cleavage site provides a means 
for purifying the desired polypeptide from the fusion protein. 
A discussion of vectors which contain fusion proteins is pro 
vided in Kroll, D.J. et al. (1993; DNA Cell Biol. 12:441-453). 
0665. In addition to recombinant production methods, 
polypeptides of the invention, and fragments thereof, may be 
produced by direct peptide synthesis using Solid-phase tech 
niques (Merrifield J. (1963) J. Am. Chem. Soc. 85:2149 
2154). Protein synthesis may be performed using manual 
techniques or by automation. Automated synthesis may be 
achieved, for example, using Applied Biosystems 431 A Pep 
tide Synthesizer (Perkin Elmer). Alternatively, various frag 
ments may be chemically synthesized separately and com 
bined using chemical methods to produce the full length 
molecule. 

Antibody Compositions, Fragments. ThereofandOther Bind 
ing Agents 

0.666 According to another aspect, the present invention 
further provides binding agents, such as antibodies and anti 
gen-binding fragments thereof, that exhibit immunological 
binding to a tumor polypeptide disclosed herein, or to a por 
tion, variant or derivative thereof. An antibody, or antigen 
binding fragment thereof, is said to “specifically bind.” 
“immunogically bind,” and/or is “immunologically reactive' 
to a polypeptide of the invention if it reacts at a detectable 
level (within, for example, an ELISA assay) with the 
polypeptide, and does not react detectably with unrelated 
polypeptides under similar conditions. 
0667 Immunological binding, as used in this context, gen 
erally refers to the non-covalent interactions of the type which 
occur between an immunoglobulin molecule and an antigen 
for which the immunoglobulin is specific. The strength, or 
affinity of immunological binding interactions can be 
expressed in terms of the dissociation constant (K) of the 
interaction, wherein a smaller K represents a greater affinity. 
Immunological binding properties of selected polypeptides 
can be quantified using methods well known in the art. One 
Such method entails measuring the rates of antigen-binding 
site/antigen complex formation and dissociation, wherein 
those rates depend on the concentrations of the complex 
partners, the affinity of the interaction, and on geometric 
parameters that equally influence the rate in both directions. 
Thus, both the “on rate constant” (K) and the “off rate 
constant” (K) can be determined by calculation of the con 
centrations and the actual rates of association and dissocia 

tion. The ratio of K/K, enables cancellation of all param 
eters not related to affinity, and is thus equal to the 
dissociation constant K. See, generally, Davies et al. (1990) 
Annual Rev. Biochem. 59:439-473. 
0668. An “antigen-binding site.” or “binding portion of 
an antibody refers to the part of the immunoglobulin molecule 
that participates in antigen binding. The antigen binding site 
is formed by amino acid residues of the N-terminal variable 
(“V”) regions of the heavy (“H”) and light (“L”) chains. Three 
highly divergent stretches within the V regions of the heavy 
and light chains are referred to as “hypervariable regions' 
which are interposed between more conserved flanking 
stretches known as “framework regions,” or “FRs'. Thus the 
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term “FR refers to amino acid sequences which are naturally 
found between and adjacent to hyperVariable regions in 
immunoglobulins. In an antibody molecule, the three hyper 
variable regions of a light chain and the three hypervariable 
regions of a heavy chain are disposed relative to each other in 
three dimensional space to form an antigen-binding Surface. 
The antigen-binding Surface is complementary to the three 
dimensional Surface of a bound antigen, and the three hyper 
variable regions of each of the heavy and light chains are 
referred to as "complementarity-determining regions, or 
“CDRS. 

0669 Binding agents may be further capable of differen 
tiating between patients with and without a cancer, Such as 
lung cancer, using the representative assays provided herein. 
For example, antibodies or other binding agents that bind to a 
tumor protein will preferably generate a signal indicating the 
presence of a cancer in at least about 20% of patients with the 
disease, more preferably at least about 30% of patients. Alter 
natively, or in addition, the antibody will generate a negative 
signal indicating the absence of the disease in at least about 
90% of individuals without the cancer. To determine whether 
a binding agent satisfies this requirement, biological samples 
(e.g., blood, Sera, sputum, urine and/or tumor biopsies) from 
patients with and without a cancer (as determined using stan 
dard clinical tests) may be assayed as described herein for the 
presence of polypeptides that bind to the binding agent. Pref 
erably, a statistically significant number of samples with and 
without the disease will be assayed. Each binding agent 
should satisfy the above criteria; however, those of ordinary 
skill in the art will recognize that binding agents may be used 
in combination to improve sensitivity. 
0670 Any agent that satisfies the above requirements may 
be a binding agent. For example, a binding agent may be a 
ribosome, with or without a peptide component, an RNA 
molecule or a polypeptide. In a preferred embodiment, a 
binding agent is an antibody or an antigen-binding fragment 
thereof. Antibodies may be prepared by any of a variety of 
techniques known to those of ordinary skill in the art. See, 
e.g., Harlow and Lane, Antibodies. A Laboratory Manual, 
Cold Spring Harbor Laboratory, 1988. In general, antibodies 
can be produced by cell culture techniques, including the 
generation of monoclonal antibodies as described herein, or 
via transfection of antibody genes into suitable bacterial or 
mammalian cell hosts, in order to allow for the production of 
recombinant antibodies. In one technique, an immunogen 
comprising the polypeptide is initially injected into any of a 
wide variety of mammals (e.g., mice, rats, rabbits, sheep or 
goats). In this step, the polypeptides of this invention may 
serve as the immunogen without modification. Alternatively, 
particularly for relatively short polypeptides, a Superior 
immune response may be elicited if the polypeptide is joined 
to a carrier protein, such as bovine serum albuminor keyhole 
limpet hemocyanin. The immunogen is injected into the ani 
mal host, preferably according to a predetermined schedule 
incorporating one or more booster immunizations, and the 
animals are bled periodically. Polyclonal antibodies specific 
for the polypeptide may then be purified from such antisera 
by, for example, affinity chromatography using the polypep 
tide coupled to a Suitable Solid Support. 
0671 Monoclonal antibodies specific for an antigenic 
polypeptide of interest may be prepared, for example, using 
the technique of Kohler and Milstein, Eur: J. Immunol. 6:51 1 
519, 1976, and improvements thereto. Briefly, these methods 
involve the preparation of immortal cell lines capable of 
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producing antibodies having the desired specificity (i.e., reac 
tivity with the polypeptide of interest as compared to one or 
more control polypeptides). Such cell lines may be produced, 
for example, from spleen cells obtained from an animal 
immunized as described above. The spleen cells are then 
immortalized by, for example, fusion with a myeloma cell 
fusion partner, preferably one that is Syngeneic with the 
immunized animal. A variety of fusion techniques may be 
employed. For example, the spleen cells and myeloma cells 
may be combined with a nonionic detergent for a few minutes 
and then plated at low density on a selective medium that 
supports the growth of hybrid cells, but not myeloma cells. A 
preferred selection technique uses HAT (hypoxanthine, ami 
nopterin, thymidine) selection. After a sufficient time, usually 
about 1 to 2 weeks, colonies of hybrids are observed. Single 
colonies are selected and their culture Supernatants tested for 
binding activity against the polypeptide. Hybridomas having 
high reactivity and specificity are preferred. 
0672 Monoclonal antibodies may be isolated from the 
Supernatants of growing hybridoma colonies. In addition, 
various techniques may be employed to enhance the yield, 
such as injection of the hybridoma cell line into the peritoneal 
cavity of a suitable vertebrate host, such as a mouse. Mono 
clonal antibodies may then be harvested from the ascites fluid 
or the blood. Contaminants may be removed from the anti 
bodies by conventional techniques, such as chromatography, 
gel filtration, precipitation, and extraction. The polypeptides 
of this invention may be used in the purification process in, for 
example, an affinity chromatography step. 
0673. A number of therapeutically useful molecules are 
known in the art which comprise antigen-binding sites that 
are capable of exhibiting immunological binding properties 
ofan antibody molecule. The proteolytic enzyme papain pref 
erentially cleaves IgG molecules to yield several fragments, 
two of which (the “F(ab) fragments) each comprise a cova 
lent heterodimer that includes an intact antigen-binding site. 
The enzyme pepsin is able to cleave IgG molecules to provide 
several fragments, including the “F(ab'), fragment which 
comprises both antigen-binding sites. An "Fv’ fragment can 
be produced by preferential proteolytic cleavage of an IgM, 
and on rare occasions IgG or IgA immunoglobulin molecule. 
FV fragments are, however, more commonly derived using 
recombinant techniques known in the art. The Fv fragment 
includes a non-covalent V::V heterodimer including an 
antigen-binding site which retains much of the antigen rec 
ognition and binding capabilities of the native antibody mol 
ecule. Inbaret al. (1972) Proc. Nat. Acad. Sci. USA 69:2659 
2662; Hochman et al. (1976) Biochem 15:2706-2710; and 
Ehrlich et al. (1980) Biochem 19:4091-4096. 
0674) A single chain Fv (“shv') polypeptide is a 
covalently linked V::V, heterodimer which is expressed 
from a gene fusion including V- and V-encoding genes 
linked by a peptide-encoding linker. Huston et al. (1988) 
Proc. Nat. Acad. Sci. USA 85(16):5879-5883. A number of 
methods have been described to discern chemical structures 
for converting the naturally aggregated—but chemically 
separated—light and heavy polypeptide chains from an anti 
body V region into an sEv molecule which will fold into a 
three dimensional structure substantially similar to the struc 
ture of an antigen-binding site. See, e.g., U.S. Pat. Nos. 5,091, 
513 and 5,132,405, to Huston et al.; and U.S. Pat. No. 4,946, 
778, to Ladner et al. 
0675. Each of the above-described molecules includes a 
heavy chain and a light chain CDR set, respectively inter 
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posed between a heavy chain and a light chain FR set which 
provide support to the CDRS and define the spatial relation 
ship of the CDRs relative to each other. As used herein, the 
term “CDR set' refers to the three hypervariable regions of a 
heavy or light chain V region. Proceeding from the N-termi 
nus of a heavy or light chain, these regions are denoted as 
“CDR1,” “CDR2, and “CDR3 respectively. An antigen 
binding site, therefore, includes six CDRs, comprising the 
CDR set from each of a heavy and a light chain V region. A 
polypeptide comprising a single CDR. (e.g., a CDR1, CDR2 
or CDR3) is referred to herein as a “molecular recognition 
unit.” Crystallographic analysis of a number of antigen-anti 
body complexes has demonstrated that the amino acid resi 
dues of CDRs form extensive contact with bound antigen, 
wherein the most extensive antigen contact is with the heavy 
chain CDR3. Thus, the molecular recognition units are pri 
marily responsible for the specificity of an antigen-binding 
site. 

0676. As used herein, the term “FR set refers to the four 
flanking amino acid sequences which frame the CDRS of a 
CDR set of a heavy or light chain V region. Some FR residues 
may contact bound antigen; however, FRS are primarily 
responsible for folding the V region into the antigen-binding 
site, particularly the FR residues directly adjacent to the 
CDRS. Within FRS, certain amino residues and certainstruc 
tural features are very highly conserved. In this regard, all V 
region sequences contain an internal disulfide loop of around 
90 amino acid residues. 

0677. When the V regions fold into a binding-site, the 
CDRS are displayed as projecting loop motifs which forman 
antigen-binding Surface. It is generally recognized that there 
are conserved structural regions of FRs which influence the 
folded shape of the CDR loops into certain "canonical struc 
tures—regardless of the precise CDR amino acid sequence. 
Further, certain FR residues are known to participate in non 
covalent interdomain contacts which stabilize the interaction 
of the antibody heavy and light chains. 
0678. A number of “humanized' antibody molecules 
comprising an antigen-binding site derived from a non-hu 
man immunoglobulin have been described, including chi 
mericantibodies having rodent V regions and their associated 
CDRs fused to human constant domains (Winter et al. (1991) 
Nature 349:293–299; Lobuglio et al. (1989) Proc. Nat. Acad. 
Sci. USA 86:4220-4224: Shaw etal. (1987).J Immunol. 138: 
4534-4538; and Brown et al. (1987) Cancer Res. 47:3577 
3583), rodent CDRs grafted into a human supporting FR prior 
to fusion with an appropriate human antibody constant 
domain (Riechmann et al. (1988) Nature 332:323-327; Ver 
hoeyen et al. (1988) Science 239:1534-1536; and Jones et al. 
(1986) Nature 321:522-525), and rodent CDRs supported by 
recombinantly veneered rodent FRS (European Patent Publi 
cation No. 519,596, published Dec. 23, 1992). These 
"humanized molecules are designed to minimize unwanted 
immunological response toward rodent antihuman antibody 
molecules which limits the duration and effectiveness of 
therapeutic applications of those moieties in human recipi 
entS. 

0679. As used herein, the terms “veneered FRs and 
“recombinantly veneered FRs' refer to the selective replace 
ment of FR residues from, e.g., a rodent heavy or light chain 
V region, with human FR residues in order to provide a 
Xenogeneic molecule comprising an antigen-binding site 
which retains substantially all of the native FR polypeptide 
folding structure. Veneering techniques are based on the 
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understanding that the ligand binding characteristics of an 
antigen-binding site are determined primarily by the structure 
and relative disposition of the heavy and light chain CDR sets 
within the antigen-binding surface. Davies et al. (1990) Ann. 
Rev. Biochem. 59:439-473. Thus, antigen binding specificity 
can be preserved in a humanized antibody only wherein the 
CDR structures, their interaction with each other, and their 
interaction with the rest of the V region domains are carefully 
maintained. By using veneering techniques, exterior (e.g., 
solvent-accessible) FR residues which are readily encoun 
tered by the immune system are selectively replaced with 
human residues to provide a hybrid molecule that comprises 
either a weakly immunogenic, or substantially non-immuno 
genic veneered surface. 
0680 The process of veneering makes use of the available 
sequence data for human antibody variable domains com 
piled by Kabat et al., in Sequences of Proteins of Immuno 
logical Interest, 4th ed., (U.S. Dept. of Health and Human 
Services, U.S. Government Printing Office, 1987), updates to 
the Kabat database, and other accessible U.S. and foreign 
databases (both nucleic acid and protein). 
0681 Solvent accessibilities of V region amino acids can 
be deduced from the known three-dimensional structure for 
human and murine antibody fragments. There are two general 
steps in Veneering a murine antigen-binding site. Initially, the 
FRs of the variable domains of an antibody molecule of 
interest are compared with corresponding FR sequences of 
human variable domains obtained from the above-identified 
sources. The most homologous human V regions are then 
compared residue by residue to corresponding murine amino 
acids. The residues in the murine FR which differ from the 
human counterpart are replaced by the residues present in the 
human moiety using recombinant techniques well known in 
the art. Residue switching is only carried out with moieties 
which are at least partially exposed (solvent accessible), and 
care is exercised in the replacement of amino acid residues 
which may have a significant effect on the tertiary structure of 
V region domains. Such as proline, glycine and charged 
amino acids. 

0682. In this manner, the resultant “veneered” murine 
antigen-binding sites are thus designed to retain the murine 
CDR residues, the residues substantially adjacent to the 
CDRs, the residues identified as buried or mostly buried 
(solvent inaccessible), the residues believed to participate in 
non-covalent (e.g., electrostatic and hydrophobic) contacts 
between heavy and light chain domains, and the residues 
from conserved structural regions of the FRs which are 
believed to influence the “canonical tertiary structures of the 
CDR loops. These design criteria are then used to prepare 
recombinant nucleotide sequences which combine the CDRs 
of both the heavy and light chain of a murine antigen-binding 
site into human-appearing FRS that can be used to transfect 
mammalian cells for the expression of recombinant human 
antibodies which exhibit the antigen specificity of the murine 
antibody molecule. 
0.683. In another embodiment of the invention, mono 
clonal antibodies of the present invention may be coupled to 
one or more therapeutic agents. Suitable agents in this regard 
include radionuclides, differentiation inducers, drugs, toxins, 
and derivatives thereof. Preferred radionuclides include 'Y. 

I, II, II, Re, Re, At, and Bi. Preferred drugs 
include methotrexate, and pyrimidine and purine analogs. 
Preferred differentiation inducers include phorbol esters and 
butyric acid. Preferred toxins include ricin, abrin, diptheria 
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toxin, cholera toxin, gelonin, Pseudomonas exotoxin, Shi 
gella toxin, and pokeweed antiviral protein. 
0684. A therapeutic agent may be coupled (e.g., 
covalently bonded) to a suitable monoclonal antibody either 
directly or indirectly (e.g., via a linker group). A direct reac 
tion between an agent and an antibody is possible when each 
possesses a Substituent capable of reacting with the other. For 
example, a nucleophilic group, Such as an amino or Sulfhydryl 
group, on one may be capable of reacting with a carbonyl 
containing group, such as an anhydride or an acid halide, or 
with an alkyl group containing a good leaving group (e.g., a 
halide) on the other. 
0685 Alternatively, it may be desirable to couple a thera 
peutic agent and an antibody via a linker group. A linker 
group can function as a spacer to distance an antibody from an 
agent in order to avoid interference with binding capabilities. 
A linker group can also serve to increase the chemical reac 
tivity of a Substituent on an agent or an antibody, and thus 
increase the coupling efficiency. An increase in chemical 
reactivity may also facilitate the use of agents, or functional 
groups on agents, which otherwise would not be possible. 
0686. It will be evident to those skilled in the art that a 
variety of bifunctional or polyfunctional reagents, both 
homo- and hetero-functional (such as those described in the 
catalog of the Pierce Chemical Co., Rockford, Ill.), may be 
employed as the linker group. Coupling may be effected, for 
example, through amino groups, carboxyl groups, Sulfhydryl 
groups or oxidized carbohydrate residues. There are numer 
ous references describing such methodology, e.g., U.S. Pat. 
No. 4,671,958, to Rodwell et al. 
0687 Where a therapeutic agent is more potent when free 
from the antibody portion of the immunoconjugates of the 
present invention, it may be desirable to use a linker group 
which is cleavable during or upon internalization into a cell. 
A number of different cleavable linker groups have been 
described. The mechanisms for the intracellular release of an 
agent from these linker groups include cleavage by reduction 
of a disulfide bond (e.g., U.S. Pat. No. 4,489,710, to Spitler), 
by irradiation of a photolabile bond (e.g., U.S. Pat. No. 4,625, 
014, to Senter et al.), by hydrolysis of derivatized amino acid 
side chains (e.g., U.S. Pat. No. 4,638.045, to Kohnet al.), by 
serum complement-mediated hydrolysis (e.g., U.S. Pat. No. 
4,671,958, to Rodwell et al.), and acid-catalyzed hydrolysis 
(e.g., U.S. Pat. No. 4,569,789, to Blattler et al.). 
0688. It may be desirable to couple more than one agent to 
an antibody. In one embodiment, multiple molecules of an 
agent are coupled to one antibody molecule. In another 
embodiment, more than one type of agent may be coupled to 
one antibody. Regardless of the particular embodiment, 
immunoconjugates with more than one agent may be pre 
pared in a variety of ways. For example, more than one agent 
may be coupled directly to an antibody molecule, or linkers 
that provide multiple sites for attachment can be used. Alter 
natively, a carrier can be used. 
0689. A carrier may bear the agents in a variety of ways, 
including covalent bonding either directly or via a linker 
group. Suitable carriers include proteins such as albumins 
(e.g., U.S. Pat. No. 4,507,234, to Kato et al.), peptides and 
polysaccharides such as aminodextran (e.g., U.S. Pat. No. 
4,699.784, to Shih et al.). A carrier may also bear an agent by 
noncovalent bonding or by encapsulation, such as within a 
liposome vesicle (e.g., U.S. Pat. Nos. 4,429,008 and 4,873, 
088). Carriers specific for radionuclide agents include radio 
halogenated Small molecules and chelating compounds. For 
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example, U.S. Pat. No. 4,735,792 discloses representative 
radiohalogenated Small molecules and their synthesis. A 
radionuclide chelate may be formed from chelating com 
pounds that include those containing nitrogen and Sulfur 
atoms as the donor atoms for binding the metal, or metal 
oxide, radionuclide. For example, U.S. Pat. No. 4,673,562, to 
Davison et al. discloses representative chelating compounds 
and their synthesis. 

T Cell Compositions 
0690. The present invention, in another aspect, provides T 
cells specific for a tumor polypeptide disclosed herein, or for 
a variant or derivative thereof. Such cells may generally be 
prepared in vitro or ex vivo, using standard procedures. For 
example, T cells may be isolated from bone marrow, periph 
eral blood, or a fraction of bone marrow or peripheral blood of 
a patient, using a commercially available cell separation sys 
tem, such as the IsolexTM System, available from Nexell 
Therapeutics, Inc. (Irvine, Calif.; see also U.S. Pat. No. 5.240. 
856; U.S. Pat. No. 5,215,926; WO 89/06280; WO 91/16116 
and WO 92/07243). Alternatively, T cells may be derived 
from related or unrelated humans, non-human mammals, cell 
lines or cultures. 
0691 T cells may be stimulated with a polypeptide, poly 
nucleotide encoding a polypeptide and/or an antigen present 
ing cell (APC) that expresses such a polypeptide. Such stimu 
lation is performed under conditions and for a time sufficient 
to permit the generation of T cells that are specific for the 
polypeptide of interest. Preferably, a tumor polypeptide or 
polynucleotide of the invention is present within a delivery 
vehicle. Such as a microsphere, to facilitate the generation of 
specific T cells. 
0692 T cells are considered to be specific for a polypep 
tide of the present invention if the T cells specifically prolif 
erate, secrete cytokines or kill target cells coated with the 
polypeptide or expressing a gene encoding the polypeptide. T 
cell specificity may be evaluated using any of a variety of 
standard techniques. For example, within a chromium release 
assay or proliferation assay, a stimulation index of more than 
two fold increase in lysis and/or proliferation, compared to 
negative controls, indicates T cell specificity. Such assays 
may be performed, for example, as described in Chen et al., 
Cancer Res. 54: 1065-1070, 1994. Alternatively, detection of 
the proliferation of T cells may be accomplished by a variety 
of known techniques. For example, T cell proliferation can be 
detected by measuring an increased rate of DNA synthesis 
(e.g., by pulse-labeling cultures of T cells with tritiated thy 
midine and measuring the amount of tritiated thymidine 
incorporated into DNA). Contact with a tumor polypeptide 
(100 ng/ml-100 ug/ml, preferably 200 ng/ml-25 ug/ml) for 
3-7 days will typically result in at least a two fold increase in 
proliferation of the T cells. Contact as described above for 2-3 
hours should result in activation of the T cells, as measured 
using standard cytokine assays in which a two fold increase in 
the level of cytokine release (e.g., TNF or IFN-Y) is indicative 
of T cell activation (see Coligan et al., Current Protocols in 
Immunology, Vol. 1, Wiley Interscience (Greene 1998)). T 
cells that have been activated in response to a tumor polypep 
tide, polynucleotide or polypeptide-expressing APC may be 
CD4 and/or CD8". Tumor polypeptide-specific T cells may 
be expanded using standard techniques. Within preferred 
embodiments, the T cells are derived from a patient, a related 
donor or an unrelated donor, and are administered to the 
patient following stimulation and expansion. 
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(0693 Fortherapeutic purposes, CD4" or CD8" T cells that 
proliferate in response to a tumor polypeptide, polynucle 
otide or APC can be expanded in number either in vitro or in 
vivo. Proliferation of such T cells in vitro may be accom 
plished in a variety of ways. For example, the T cells can be 
re-exposed to a tumor polypeptide, or a short peptide corre 
sponding to an immunogenic portion of Such a polypeptide, 
with or without the addition of T cell growth factors, such as 
interleukin-2, and/or stimulator cells that synthesize a tumor 
polypeptide. Alternatively, one or more T cells that proliferate 
in the presence of the tumor polypeptide can be expanded in 
number by cloning. Methods for cloning cells are well known 
in the art, and include limiting dilution. 

T Cell Receptor Compositions 

(0694. The T cell receptor (TCR) consists of 2 different, 
highly variable polypeptide chains, termed the T-cell receptor 
C. and 3 chains, that are linked by a disulfide bond (Janeway, 
Travers, Walport. Immunobiology. Fourth Ed., 148-159. 
Elsevier Science Ltd/Garland Publishing. 1999). The C/B 
heterodimer complexes with the invariant CD3 chains at the 
cell membrane. This complex recognizes specific antigenic 
peptides bound to MHC molecules. The enormous diversity 
of TCR specificities is generated much like immunoglobulin 
diversity, through somatic gene rearrangement. The B chain 
genes contain over 50 variable (V), 2 diversity (D), over 10 
joining (J) segments, and 2 constant region segments (C). The 
C. chain genes contain over 70 V segments, and over 60 J 
Segments but no D segments, as well as one C segment. 
During T cell development in the thymus, the D to J gene 
rearrangement of the B chain occurs, followed by the V gene 
segment rearrangement to the DJ. This functional VDJ exon 
is transcribed and spliced to join to a C. For the a chain, a V. 
gene segment rearranges to a J., gene segment to create the 
functional exon that is then transcribed and spliced to the C. 
Diversity is further increased during the recombination pro 
cess by the random addition of P and N-nucleotides between 
the V. D., and J segments of the B chain and between the V and 
J segments in the a chain (Janeway, Travers, Walport. Immu 
nobiology. Fourth Ed., 98 and 150. Elsevier Science Ltd/ 
Garland Publishing. 1999). 
0695. The present invention, in another aspect, provides 
TCRs specific for a polypeptide disclosed herein, or for a 
variant or derivative thereof. In accordance with the present 
invention, polynucleotide and amino acid sequences are pro 
vided for the V-J or V-D-J junctional regions or parts thereof 
for the alpha and beta chains of the T-cell receptor which 
recognize tumor polypeptides described herein. In general, 
this aspect of the invention relates to T-cell receptors which 
recognize orbind tumor polypeptides presented in the context 
of MHC. In a preferred embodiment the tumor antigens rec 
ognized by the T-cell receptors comprise a polypeptide of the 
present invention. For example, cDNA encoding a TCR spe 
cific for a tumor peptide can be isolated from T cells specific 
for a tumor polypeptide using standard molecular biological 
and recombinant DNA techniques. 
0696. This invention further includes the T-cell receptors 
or analogs thereof having Substantially the same function or 
activity as the T-cell receptors of this invention which recog 
nize or bind tumor polypeptides. Such receptors include, but 
are not limited to, a fragment of the receptor, or a substitution, 
addition or deletion mutant of a T-cell receptor provided 
herein. This invention also encompasses polypeptides or pep 
tides that are substantially homologous to the T-cell receptors 
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provided herein or that retain substantially the same activity. 
The term “analog includes any protein or polypeptidehaving 
an amino acid residue sequence Substantially identical to the 
T-cell receptors provided herein in which one or more resi 
dues, preferably no more than 5 residues, more preferably no 
more than 25 residues have been conservatively substituted 
with a functionally similar residue and which displays the 
functional aspects of the T-cell receptor as described herein. 
0697 The present invention further provides for suitable 
mammalian host cells, for example, non-specific T cells, that 
are transfected with a polynucleotide encoding TCRs specific 
for a polypeptide described herein, thereby rendering the host 
cell specific for the polypeptide. The C. and B chains of the 
TCR may be contained on separate expression vectors or 
alternatively, on a single expression vector that also contains 
an internal ribosome entry site (IRES) for cap-independent 
translation of the gene downstream of the IRES. Said host 
cells expressing TCRs specific for the polypeptide may be 
used, for example, for adoptive immunotherapy of lung can 
cer as discussed further below. 
0698. In further aspects of the present invention, cloned 
TCRs specific for a polypeptide recited herein may be used in 
a kit for the diagnosis of lung cancer. For example, the nucleic 
acid sequence or portions thereof, of tumor-specific TCRS 
can be used as probes or primers for the detection of expres 
sion of the rearranged genes encoding the specific TCR in a 
biological sample. Therefore, the present invention further 
provides for an assay for detecting messenger RNA or DNA 
encoding the TCR specific for a polypeptide. 

Pharmaceutical Compositions 
0699. In additional embodiments, the present invention 
concerns formulation of one or more of the polynucleotide, 
polypeptide, T-cell and/or antibody compositions disclosed 
herein in pharmaceutically-acceptable carriers for adminis 
tration to a cell or an animal, either alone, or in combination 
with one or more other modalities of therapy. 
0700. It will be understood that, if desired, a composition 
as disclosed herein may be administered in combination with 
other agents as well. Such as, e.g., other proteins or polypep 
tides or various pharmaceutically-active agents. In fact, there 
is virtually no limit to other components that may also be 
included, given that the additional agents do not cause a 
significant adverse effect upon contact with the target cells or 
host tissues. The compositions may thus be delivered along 
with various other agents as required in the particular 
instance. Such compositions may be purified from host cells 
or other biological Sources, or alternatively may be chemi 
cally synthesized as described herein. Likewise, Such com 
positions may further comprise substituted or derivatized 
RNA or DNA compositions. 
0701. Therefore, in another aspect of the present inven 
tion, pharmaceutical compositions are provided comprising 
one or more of the polynucleotide, polypeptide, antibody, 
and/or T-cell compositions described herein in combination 
with a physiologically acceptable carrier. In certain preferred 
embodiments, the pharmaceutical compositions of the inven 
tion comprise immunogenic polynucleotide and/or polypep 
tide compositions of the invention for use in prophylactic and 
theraputic vaccine applications. Vaccine preparation is gen 
erally described in, for example, M. F. Powell and M. J. 
Newman, eds., "Vaccine Design (the subunit and adjuvant 
approach). Plenum Press (NY, 1995). Generally, such com 
positions will comprise one or more polynucleotide and/or 
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polypeptide compositions of the present invention in combi 
nation with one or more immunostimulants. 
0702. It will be apparent that any of the pharmaceutical 
compositions described herein can contain pharmaceutically 
acceptable salts of the polynucleotides and polypeptides of 
the invention. Such salts can be prepared, for example, from 
pharmaceutically acceptable non-toxic bases, including 
organic bases (e.g., salts of primary, secondary and tertiary 
amines and basic amino acids) and inorganic bases (e.g., 
Sodium, potassium, lithium, ammonium, calcium and mag 
nesium salts). 
0703. In another embodiment, illustrative immunogenic 
compositions, e.g., vaccine compositions, of the present 
invention comprise DNA encoding one or more of the 
polypeptides as described above, Such that the polypeptide is 
generated in situ. As noted above, the polynucleotide may be 
administered within any of a variety of delivery systems 
known to those of ordinary skill in the art. Indeed, numerous 
gene delivery techniques are well known in the art, such as 
those described by Rolland, Crit. Rev. Therap. Drug Carrier 
Systems 15:143-198, 1998, and references cited therein. 
Appropriate polynucleotide expression systems will, of 
course, contain the necessary regulatory DNA regulatory 
sequences for expression in a patient (such as a Suitable 
promoter and terminating signal). Alternatively, bacterial 
delivery systems may involve the administration of a bacte 
rium (such as Bacillus-Calmette-Guerrin) that expresses an 
immunogenic portion of the polypeptide on its cell Surface or 
Secretes Such an epitope. 
0704. Therefore, in certain embodiments, polynucleotides 
encoding immunogenic polypeptides described herein are 
introduced into Suitable mammalian host cells for expression 
using any of a number of known viral-based systems. In one 
illustrative embodiment, retroviruses provide a convenient 
and effective platform for gene delivery systems. A selected 
nucleotide sequence encoding a polypeptide of the present 
invention can be inserted into a vector and packaged in ret 
roviral particles using techniques known in the art. The 
recombinant virus can then be isolated and delivered to a 
subject. A number of illustrative retroviral systems have been 
described (e.g., U.S. Pat. No. 5,219,740; Miller and Rosman 
(1989) BioTechniques 7: 980-990; Miller, A. D. (1990) 
Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virology 
180:849-852; Burns et al. (1993) Proc. Natl. Acad. Sci. USA 
90:8033-8037; and Boris-Lawrie and Temin (1993) Cur. 
Opin. Genet. Develop. 3:102-109. 
0705. In addition, a number of illustrative adenovirus 
based systems have also been described. Unlike retroviruses 
which integrate into the host genome, adenoviruses persist 
extrachromosomally thus minimizing the risks associated 
with insertional mutagenesis (Haj-Ahmad and Graham 
(1986) J. Virol. 57:267-274; Bett et al. (1993) J. Virol. 
67:5911-5921; Mitterederetal. (1994) Human Gene Therapy 
5:717-729; Seth et al. (1994) J. Virol. 68:933-940; Barret al. 
(1994) Gene Therapy 1:51-58; Berkner, K. L. (1988) Bio 
Techniques 6:616–629; and Rich et al. (1993) Human Gene 
Therapy 4:461-476). Various adeno-associated virus (AAV) 
vector systems have also been developed for polynucleotide 
delivery. AAV vectors can be readily constructed using tech 
niques well known in the art. See, e.g., U.S. Pat. Nos. 5,173, 
414 and 5,139,941; International Publication Nos. WO 
92/01070 and WO 93/03769; Lebkowski et al. (1988) Molec. 
Cell. Biol. 8:3988-3996; Vincent et al. (1990) Vaccines 90 
(Cold Spring Harbor Laboratory Press); Carter, B. J. (1992) 
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Current Opinion in Biotechnology 3:533-539; Muzyczka, N. 
(1992) Current Topics in Microbiol. and Immunol. 158:97 
129; Kotin, R. M. (1994) Human Gene Therapy 5:793-801; 
Shelling and Smith (1994) Gene Therapy 1:165-169; and 
Zhou et al. (1994) J. Exp. Med. 179:1867-1875. 
0706. Additional viral vectors useful for delivering the 
polynucleotides encoding polypeptides of the present inven 
tion by gene transfer include those derived from the pox 
family of viruses, such as vaccinia virus and avian poxvirus. 
By way of example, vaccinia virus recombinants expressing 
the novel molecules can be constructed as follows. The DNA 
encoding a polypeptide is first inserted into an appropriate 
vector So that it is adjacent to a vaccinia promoter and flanking 
vaccinia DNA sequences, such as the sequence encoding 
thymidine kinase (TK). This vector is then used to transfect 
cells which are simultaneously infected with vaccinia. 
Homologous recombination serves to insert the vaccinia pro 
moter plus the gene encoding the polypeptide of interest into 
the viral genome. The resulting TK.Sup. (-) recombinant can 
be selected by culturing the cells in the presence of 5-bro 
modeoxyuridine and picking viral plaques resistant thereto. 
0707. A vaccinia-based infection/transfection system can 
be conveniently used to provide for inducible, transient 
expression or coexpression of one or more polypeptides 
described herein in host cells of an organism. In this particular 
system, cells are first infected in vitro with a vaccinia virus 
recombinant that encodes the bacteriophage T7 RNA poly 
merase. This polymerase displays exquisite specificity in that 
it only transcribes templates bearing T7 promoters. Follow 
ing infection, cells are transfected with the polynucleotide or 
polynucleotides of interest, driven by a T7 promoter. The 
polymerase expressed in the cytoplasm from the vaccinia 
virus recombinant transcribes the transfected DNA into RNA 
which is then translated into polypeptide by the host transla 
tional machinery. The method provides for high level, tran 
sient, cytoplasmic production of large quantities of RNA and 
its translation products. See, e.g., Elroy-Stein and Moss, Proc. 
Natl. Acad. Sci. USA (1990)87:6743-6747: Fuerstetal. Proc. 
Natl. Acad. Sci. USA (1986) 83:8122-8126. 
0708 Alternatively, avipoxviruses, such as the fowlpox 
and canarypox viruses, can also be used to deliver the coding 
sequences of interest. Recombinant avipox viruses, express 
ing immunogens from mammalian pathogens, are known to 
confer protective immunity when administered to non-avian 
species. The use of an Avipox vector is particularly desirable 
in human and other mammalian species since members of the 
Avipox genus can only productively replicate in Susceptible 
avian species and therefore are not infective in mammalian 
cells. Methods for producing recombinant Avipoxviruses are 
known in the art and employ genetic recombination, as 
described above with respect to the production of vaccinia 
viruses. See, e.g., WO 91/12882: WO 89/03429; and WO 
92/03545. 

0709 Any of a number of alphavirus vectors can also be 
used for delivery of polynucleotide compositions of the 
present invention, such as those vectors described in U.S. Pat. 
Nos. 5,843,723; 6,015,686; 6,008,035 and 6,015,694. Certain 
vectors based on Venezuelan Equine Encephalitis (VEE) can 
also be used, illustrative examples of which can be found in 
U.S. Pat. Nos. 5,505,947 and 5,643,576. 
0710 Moreover, molecular conjugate vectors, such as the 
adenovirus chimeric vectors described in Michael et al. J. 
Biol. Chem. (1993) 268:6866-6869 and Wagner et al. Proc. 
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Natl. Acad. Sci. USA (1992) 89:6099-6103, can also be used 
for gene delivery under the invention. 
0711 Additional illustrative information on these and 
other known viral-based delivery systems can be found, for 
example, in Fisher-Hoch et al., Proc. Natl. Acad. Sci. USA 
86:317-321, 1989; Flexner et al., Ann. N.Y. Acad. Sci. 569: 
86-103, 1989; Flexner et al., Vaccine 8:17-21, 1990; U.S. Pat. 
Nos. 4,603,112, 4,769,330, and 5,017,487; WO 89/01973: 
U.S. Pat. No. 4,777,127 GB 2,200,651; EP 0,345,242: WO 
91/02805; Berkner, Biotechniques 6:616-627, 1988: Rosen 
feldet al., Science 252:431-434, 1991: Kolls et al., Proc. Natl. 
Acad. Sci. USA 91:215-219, 1994; Kass-Eisler et al., Proc. 
Natl. Acad. Sci. USA 90:11498-11502, 1993; Guzman et al., 
Circulation 88:2838-2848, 1993; and Guzman et al., Cir. Res. 
73:1202-1207, 1993. 
0712. In certain embodiments, a polynucleotide may be 
integrated into the genome of a target cell. This integration 
may be in the specific location and orientation via homolo 
gous recombination (gene replacement) or it may be inte 
grated in a random, non-specific location (gene augmenta 
tion). In yet further embodiments, the polynucleotide may be 
stably maintained in the cell as a separate, episomal segment 
of DNA. Such polynucleotide segments or “episomes’ 
encode sequences sufficient to permit maintenance and rep 
lication independent of or in synchronization with the host 
cell cycle. The manner in which the expression construct is 
delivered to a cell and where in the cell the polynucleotide 
remains is dependent on the type of expression construct 
employed. 
0713. In another embodiment of the invention, a poly 
nucleotide is administered/delivered as “naked' DNA, for 
example as described in Ulmeret al., Science 259: 1745-1749, 
1993 and reviewed by Cohen, Science 259:1691-1692, 1993. 
The uptake of naked DNA may be increased by coating the 
DNA onto biodegradable beads, which are efficiently trans 
ported into the cells. 
0714. In still another embodiment, a composition of the 
present invention can be delivered via a particle bombard 
ment approach, many of which have been described. In one 
illustrative example, gas-driven particle acceleration can be 
achieved with devices such as those manufactured by Pow 
derject Pharmaceuticals PLC (Oxford, UK) and Powderject 
Vaccines Inc. (Madison, Wis.), some examples of which are 
described in U.S. Pat. Nos. 5,846,796; 6,010,478; 5,865,796; 
5,584,807; and EP Patent No. 0500799. This approach offers 
a needle-free delivery approach wherein a dry powderformu 
lation of microscopic particles, such as polynucleotide or 
polypeptide particles, are accelerated to high speed within a 
helium gas jet generated by a handheld device, propelling the 
particles into a target tissue of interest. 
0715. In a related embodiment, other devices and methods 
that may be useful for gas-driven needle-less injection of 
compositions of the present invention include those provided 
by Bioject, Inc. (Portland, Oreg.), some examples of which 
are described in U.S. Pat. Nos. 4,790,824; 5,064,413: 5,312, 
335; 5,383,851; 5,399,163; 5,520,639 and 5,993,412. 
0716. According to another embodiment, the pharmaceu 

tical compositions described herein will comprise one or 
more immunostimulants in addition to the immunogenic 
polynucleotide, polypeptide, antibody, T-cell and/or APC 
compositions of this invention. An immunostimulant refers to 
essentially any Substance that enhances or potentiates an 
immune response (antibody and/or cell-mediated) to an exog 
enous antigen. One preferred type of immunostimulant com 
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prises an adjuvant. Many adjuvants contain a Substance 
designed to protect the antigen from rapid catabolism, such as 
aluminum hydroxide or mineral oil, and a stimulator of 
immune responses, such as lipid A. Bortadella pertussis or 
Mycobacterium tuberculosis derived proteins. Certain adju 
vants are commercially available as, for example, Freund's 
Incomplete Adjuvant and Complete Adjuvant (Difco Labo 
ratories, Detroit, Mich.); Merck Adjuvant 65 (Merck and 
Company, Inc., Rahway, N.J.); AS-2 (SmithKline Beecham, 
Philadelphia, Pa.); aluminum salts such as aluminum hydrox 
ide gel (alum) or aluminum phosphate; salts of calcium, iron 
or Zinc, an insoluble Suspension of acylated tyrosine; acylated 
Sugars; cationically or anionically derivatized polysaccha 
rides; polyphosphaZenes; biodegradable microspheres; 
monophosphoryl lipid A, QS21, aminoalkyl glucosaminide 
4-phosphates, and quil A. Cytokines, such as GM-CSF, inter 
leukin-2, -7, -12, and other like growth factors, may also be 
used as adjuvants. 
0717. Within certain embodiments of the invention, the 
adjuvant composition is preferably one that induces an 
immune response predominantly of the Th1 type. High levels 
of Th1-type cytokines (e.g., IFN-Y, TNFO, IL-2 and IL-12) 
tend to favor the induction of cell mediated immune 
responses to an administered antigen. In contrast, high levels 
of Th2-type cytokines (e.g., IL-4, IL-5, IL-6 and IL-10) tend 
to favor the induction of humoral immune responses. Follow 
ing application of a vaccine as provided herein, a patient will 
Supportan immune response that includes Th1 - and Th2-type 
responses. Within a preferred embodiment, in which a 
response is predominantly Th1-type, the level of Th1-type 
cytokines will increase to a greater extent than the level of 
Th2-type cytokines. The levels of these cytokines may be 
readily assessed using standard assays. For a review of the 
families of cytokines, see Mosmann and Coffman, Ann. Rev. 
Immunol. 7:145-173, 1989. 
0718 Certain preferred adjuvants for eliciting a predomi 
nantly Th1-type response include, for example, a combina 
tion of monophosphoryl lipid A, preferably 3-de-O-acylated 
monophosphoryl lipid A, together with an aluminum salt. 
MPL(R) adjuvants are available from Corixa Corporation (Se 
attle, Wash.; see, for example, U.S. Pat. Nos. 4,436,727; 
4,877,611; 4.866,034 and 4.912,094). CpG-containing oligo 
nucleotides (in which the CpG dinucleotide is unmethylated) 
also induce a predominantly Th1 response. Such oligonucle 
otides are well known and are described, for example, in WO 
96/02555, WO 99/33488 and U.S. Pat. Nos. 6,008,200 and 
5,856,462. Immunostimulatory DNA sequences are also 
described, for example, by Sato et al., Science 273:352, 1996. 
Another preferred adjuvant comprises a Saponin, such as Quil 
A, or derivatives thereof, including QS21 and QS7 (Aquila 
Biopharmaceuticals Inc., Framingham, Mass.); Escin; Digi 
tonin; or Gypsophila or Chenopodium quinoa saponins . 
Other preferred formulations include more than one saponin 
in the adjuvant combinations of the present invention, for 
example combinations of at least two of the following group 
comprising QS21, QS7, Quil A, 3-escin, or digitonin. 
0719. Alternatively the saponinformulations may becom 
bined with vaccine vehicles composed of chitosan or other 
polycationic polymers, polylactide and polylactide-co-gly 
collide particles, poly-N-acetylglucosamine-based polymer 
matrix, particles composed of polysaccharides or chemically 
modified polysaccharides, liposomes and lipid-based par 
ticles, particles composed of glycerol monoesters, etc. The 
saponins may also be formulated in the presence of choles 
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terol to form particulate structures such as liposomes or 
ISCOMs. Furthermore, the saponins may be formulated 
together with a polyoxyethylene ether or ester, in either a 
non-particulate Solution or Suspension, or in a particulate 
structure such as a paucilamelar liposome or ISCOM. The 
saponins may also be formulated with excipients such as 
Carbopol(R) to increase viscosity, or may be formulated in a 
dry powder form with a powder excipient such as lactose. In 
one preferred embodiment, the adjuvant system includes the 
combination of a monophosphoryl lipid A and a saponin 
derivative, such as the combination of QS21 and 3D-MPL(R) 
adjuvant, as described in WO94/00153, or a less reactogenic 
composition where the QS21 is quenched with cholesterol, as 
described in WO 96/33739. Other preferred formulations 
comprise an oil-in-water emulsion and tocopherol. Another 
particularly preferred adjuvant formulation employing QS21, 
3D-MPL(R) adjuvant and tocopherol in an oil-in-water emul 
Sion is described in WO95/17210. 
0720. Another enhanced adjuvant system involves the 
combination of a CpG-containing oligonucleotide and a 
saponin derivative particularly the combination of CpG and 
QS21 is disclosed in WO 00/09159. Preferably the formula 
tion additionally comprises an oil in water emulsion and 
tocopherol. 
0721 Additional illustrative adjuvants for use in the phar 
maceutical compositions of the invention include Montanide 
ISA 720 (Seppic, France), SAF (Chiron, Calif., United 
States), ISCOMS (CSL), MF-59 (Chiron), the SBAS series of 
adjuvants (e.g., SBAS-2 or SBAS-4, available from Smith 
Kline Beecham, Rixensart, Belgium), Detox (Enhanzyn R.) 
(Corixa, Hamilton, Mont.), RC-529 (Corixa, Hamilton, 
Mont.) and other aminoalkyl glucosaminide 4-phosphates 
(AGPs). Such as those described in pending U.S. patent appli 
cation Ser. Nos. 08/853,826 and 09/074,720, the disclosures 
of which are incorporated herein by reference in their entire 
ties, and polyoxyethylene ether adjuvants such as those 
described in WO99/52549A1. 
0722. Other preferred adjuvants include adjuvant mol 
ecules of the general formula 

HO(CH2CH2O).-A-R, (I): 

wherein, n is 1-50, A is a bond or —C(O) , R is C-so alkyl 
or Phenyl Clso alkyl. 
0723. One embodiment of the present invention consists 
of a vaccine formulation comprising a polyoxyethylene ether 
of general formula (I), wherein n is between 1 and 50, pref 
erably 4-24, most preferably 9; the R component is Clso 
preferably C-C alkyl and most preferably Calkyl, and A 
is a bond. The concentration of the polyoxyethylene ethers 
should be in the range 0.1-20%, preferably from 0.1-10%. 
and most preferably in the range 0.1-1%. Preferred polyoxy 
ethylene ethers are selected from the following group: poly 
oxyethylene-9-lauryl ether, polyoxyethylene-9-steoryl ether, 
polyoxyethylene-8-steoryl ether, polyoxyethylene-4-lauryl 
ether, polyoxyethylene-35-lauryl ether, and polyoxyethyl 
ene-23-lauryl ether. Polyoxyethylene ethers such as polyoxy 
ethylene lauryl ether are described in the Merck index (12" 
edition: entry 7717). These adjuvant molecules are described 
in WO99/52549. 
0724. The polyoxyethylene ether according to the general 
formula (I) above may, if desired, be combined with another 
adjuvant. For example, a preferred adjuvant combination is 
preferably with CpG as described in the pending UK patent 
application GB9820956.2. 
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0725. According to another embodiment of this invention, 
an immunogenic composition described herein is delivered to 
a host via antigen presenting cells (APCs), Such as dendritic 
cells, macrophages, B cells, monocytes and other cells that 
may be engineered to be efficient APCs. Such cells may, but 
need not, be genetically modified to increase the capacity for 
presenting the antigen, to improve activation and/or mainte 
nance of the T cell response, to have anti-tumor effects perse 
and/or to be immunologically compatible with the receiver 
(i.e., matched HLA haplotype). APCs may generally be iso 
lated from any of a variety of biological fluids and organs, 
including tumor and peritumoral tissues, and may be autolo 
gous, allogeneic, Syngeneic or Xenogeneic cells. 
0726 Certain preferred embodiments of the present inven 
tion use dendritic cells or progenitors thereof as antigen 
presenting cells. Dendritic cells are highly potent APCs 
(Banchereau and Steinman, Nature 392:245-251, 1998) and 
have been shown to be effective as a physiological adjuvant 
for eliciting prophylactic or therapeutic antitumor immunity 
(see Timmerman and Levy, Ann. Rev. Med. 50:507-529, 
1999). In general, dendritic cells may be identified based on 
their typical shape (stellate in situ, with marked cytoplasmic 
processes (dendrites) visible in vitro), their ability to take up, 
process and present antigens with high efficiency and their 
ability to activate naive T cell responses. Dendritic cells may, 
of course, be engineered to express specific cell-surface 
receptors or ligands that are not commonly found on dendritic 
cells in vivo or ex vivo, and such modified dendritic cells are 
contemplated by the present invention. As an alternative to 
dendritic cells, secreted vesicles antigen-loaded dendritic 
cells (called exosomes) may be used within a vaccine (see 
Zitvogel et al., Nature Med. 4:594-600, 1998). 
0727 Dendritic cells and progenitors may be obtained 
from peripheral blood, bone marrow, tumor-infiltrating cells, 
peritumoral tissues-infiltrating cells, lymph nodes, spleen, 
skin, umbilical cord blood or any other suitable tissue or fluid. 
For example, dendritic cells may be differentiated ex vivo by 
adding a combination of cytokines such as GM-CSF, IL-4, 
IL-13 and/or TNFC. to cultures of monocytes harvested from 
peripheral blood. Alternatively, CD34 positive cells har 
vested from peripheral blood, umbilical cord blood or bone 
marrow may be differentiated into dendritic cells by adding to 
the culture medium combinations of GM-CSF, IL-3, TNFO, 
CD40 ligand, LPS, flt3 ligand and/or other compound(s) that 
induce differentiation, maturation and proliferation of den 
dritic cells. 
0728 Dendritic cells are conveniently categorized as 
“immature' and “mature” cells, which allows a simple way to 
discriminate between two well characterized phenotypes. 
However, this nomenclature should not be construed to 
exclude all possible intermediate stages of differentiation. 
Immature dendritic cells are characterized as APC with a high 
capacity for antigen uptake and processing, which correlates 
with the high expression of Fcy receptor and mannose recep 
tor. The mature phenotype is typically characterized by a 
lower expression of these markers, but a high expression of 
cell surface molecules responsible for T cell activation such 
as class I and class II MHC, adhesion molecules (e.g., CD54 
and CD11) and costimulatory molecules (e.g., CD40. CD80, 
CD86 and 4-1BB). 
0729 APCs may generally be transfected with a poly 
nucleotide of the invention (or portion or other variant 
thereof) such that the encoded polypeptide, or an immuno 
genic portion thereof, is expressed on the cell Surface. Such 
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transfection may take place ex vivo, and a pharmaceutical 
composition comprising Such transfected cells may then be 
used for therapeutic purposes, as described herein. Alterna 
tively, a gene delivery vehicle that targets a dendritic or other 
antigen presenting cell may be administered to a patient, 
resulting in transfection that occurs in vivo. In vivo and ex 
Vivo transfection of dendritic cells, for example, may gener 
ally be performed using any methods known in the art, Such as 
those described in WO 97/24447, or the gene gun approach 
described by Mahvi et al., Immunology and cell Biology 
75:456-460, 1997. Antigen loading of dendritic cells may be 
achieved by incubating dendritic cells or progenitor cells with 
the tumor polypeptide, DNA (naked or within a plasmid 
vector) or RNA; or with antigen-expressing recombinant bac 
terium or viruses (e.g., vaccinia, fowlpox, adenovirus or len 
tivirus vectors). Prior to loading, the polypeptide may be 
covalently conjugated to an immunological partner that pro 
vides T cell help (e.g., a carrier molecule). Alternatively, a 
dendritic cell may be pulsed with a non-conjugated immuno 
logical partner, separately or in the presence of the polypep 
tide. 

0730. While any suitable carrier known to those of ordi 
nary skill in the art may be employed in the pharmaceutical 
compositions of this invention, the type of carrier will typi 
cally vary depending on the mode of administration. Compo 
sitions of the present invention may be formulated for any 
appropriate manner of administration, including for example, 
topical, oral, nasal, mucosal, intravenous, intracranial, intra 
peritoneal. Subcutaneous and intramuscular administration. 
0731 Carriers for use within such pharmaceutical compo 
sitions are biocompatible, and may also be biodegradable. In 
certain embodiments, the formulation preferably provides a 
relatively constant level of active component release. In other 
embodiments, however, a more rapid rate of release immedi 
ately upon administration may be desired. The formulation of 
such compositions is well within the level of ordinary skill in 
the art using known techniques. Illustrative carriers useful in 
this regard include microparticles of poly(lactide-co-gly 
collide), polyacrylate, latex, starch, cellulose, dextran and the 
like. Other illustrative delayed-release carriers include 
Supramolecular biovectors, which comprise a non-liquid 
hydrophilic core (e.g., a cross-linked polysaccharide or oli 
gosaccharide) and, optionally, an external layer comprising 
an amphiphilic compound, such as a phospholipid (see e.g., 
U.S. Pat. No. 5,151,254 and PCT applications WO 94/20078, 
WO/94/23701 and WO 96/06638). The amount of active 
compound contained within a Sustained release formulation 
depends upon the site of implantation, the rate and expected 
duration of release and the nature of the condition to be 
treated or prevented. 
0732. In another illustrative embodiment, biodegradable 
microspheres (e.g., polylactate polyglycolate) are employed 
as carriers for the compositions of this invention. Suitable 
biodegradable microspheres are disclosed, for example, in 
U.S. Pat. Nos. 4,897,268; 5,075,109; 5,928,647; 5,811,128; 
5,820,883; 5,853,763; 5,814,344, 5,407,609 and 5,942,252. 
Modified hepatitis B core protein carrier systems. Such as 
described in WO/99 40934, and references cited therein, will 
also be useful for many applications. Another illustrative 
carrier/delivery system employs a carrier comprising particu 
late-protein complexes, such as those described in U.S. Pat. 
No. 5,928,647, which are capable of inducing a class I-re 
stricted cytotoxic T lymphocyte responses in a host. 
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0733. The pharmaceutical compositions of the invention 
will often further comprise one or more buffers (e.g., neutral 
buffered saline or phosphate buffered saline), carbohydrates 
(e.g., glucose, mannose. Sucrose or dextrans), mannitol, pro 
teins, polypeptides or amino acids such as glycine, antioxi 
dants, bacteriostats, chelating agents such as EDTA or glu 
tathione, adjuvants (e.g., aluminum hydroxide), solutes that 
render the formulation isotonic, hypotonic or weakly hyper 
tonic with the blood of a recipient, Suspending agents, thick 
ening agents and/or preservatives. Alternatively, composi 
tions of the present invention may be formulated as a 
lyophilizate. 
0734 The pharmaceutical compositions described herein 
may be presented in unit-dose or multi-dose containers. Such 
as sealed ampoules or vials. Such containers are typically 
sealed in such a way to preserve the sterility and stability of 
the formulation until use. In general, formulations may be 
stored as Suspensions, Solutions or emulsions in oily or aque 
ous vehicles. Alternatively, a pharmaceutical composition 
may be stored in a freeze-dried condition requiring only the 
addition of a sterile liquid carrier immediately prior to use. 
0735. The development of suitable dosing and treatment 
regimens for using the particular compositions described 
herein in a variety of treatment regimens, including e.g., oral, 
parenteral, intravenous, intranasal, and intramuscular admin 
istration and formulation, is well known in the art, Some of 
which are briefly discussed below for general purposes of 
illustration. 
0736. In certain applications, the pharmaceutical compo 
sitions disclosed herein may be delivered via oral administra 
tion to an animal. As such, these compositions may be for 
mulated with an inert diluent or with an assimilable edible 
carrier, or they may be enclosed in hard- or soft-shell gelatin 
capsule, or they may be compressed into tablets, or they may 
be incorporated directly with the food of the diet. 
0737. The active compounds may even be incorporated 
with excipients and used in the form of ingestible tablets, 
buccal tables, troches, capsules, elixirs, Suspensions, syrups, 
wafers, and the like (see, for example, Mathiowitz et al., 
Nature 1997 Mar. 27:386(6623):410-4: Hwang et al., Crit 
Rev Ther Drug Carrier Syst 1998: 15(3):243-84: U.S. Pat. 
No. 5,641,515; U. S. Patent 5,580,579 and U.S. Pat. No. 
5,792.451). Tablets, troches, pills, capsules and the like may 
also contain any of a variety of additional components, for 
example, a binder, Such as gum tragacanth, acacia, corn 
starch, or gelatin; excipients, such as dicalcium phosphate; a 
disintegrating agent, such as corn starch, potato starch, alg 
inic acid and the like; a lubricant, Such as magnesium Stearate; 
and a Sweetening agent, such as Sucrose, lactose or saccharin 
may be added or a flavoring agent, such as peppermint, oil of 
wintergreen, or cherry flavoring. When the dosage unit form 
is a capsule, it may contain, in addition to materials of the 
above type, a liquid carrier. Various other materials may be 
present as coatings or to otherwise modify the physical form 
of the dosage unit. For instance, tablets, pills, or capsules may 
be coated with shellac, Sugar, or both. Of course, any material 
used in preparing any dosage unit form should be pharma 
ceutically pure and Substantially non-toxic in the amounts 
employed. In addition, the active compounds may be incor 
porated into Sustained-release preparation and formulations. 
0738. Typically, these formulations will contain at least 
about 0.1% of the active compound or more, although the 
percentage of the active ingredient(s) may, of course, be var 
ied and may conveniently be between about 1 or 2% and about 
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60% or 70% or more of the weight or volume of the total 
formulation. Naturally, the amount of active compound(s) in 
each therapeutically useful composition may be prepared is 
Such away that a Suitable dosage will be obtained in any given 
unit dose of the compound. Factors such as solubility, bio 
availability, biological half-life, route of administration, 
product shelf life, as well as other pharmacological consid 
erations will be contemplated by one skilled in the art of 
preparing Such pharmaceutical formulations, and as such, a 
variety of dosages and treatment regimens may be desirable. 
0739 For oral administration the compositions of the 
present invention may alternatively be incorporated with one 
or more excipients in the form of a mouthwash, dentifrice, 
buccal tablet, oral spray, or Sublingual orally-administered 
formulation. Alternatively, the active ingredient may be 
incorporated into an oral Solution Such as one containing 
Sodium borate, glycerin and potassium bicarbonate, or dis 
persed in a dentifrice, or added in a therapeutically-effective 
amount to a composition that may include water, binders, 
abrasives, flavoring agents, foaming agents, and humectants. 
Alternatively the compositions may be fashioned into a tablet 
or Solution form that may be placed under the tongue or 
otherwise dissolved in the mouth. 

0740. In certain circumstances it will be desirable to 
deliver the pharmaceutical compositions disclosed herein 
parenterally, intravenously, intramuscularly, or even intrap 
eritoneally. Such approaches are well known to the skilled 
artisan, some of which are further described, for example, in 
U.S. Pat. No. 5,543,158; U.S. Pat. No. 5,641,515 and U.S. 
Pat. No. 5,399,363. In certain embodiments, solutions of the 
active compounds as free base or pharmacologically accept 
able salts may be prepared in water suitably mixed with a 
Surfactant, Such as hydroxypropylcellulose. Dispersions may 
also be prepared in glycerol, liquid polyethylene glycols, and 
mixtures thereof and in oils. Under ordinary conditions of 
storage and use, these preparations generally will contain a 
preservative to prevent the growth of microorganisms. 
0741 Illustrative pharmaceutical forms suitable for inject 
able use include Sterile aqueous solutions or dispersions and 
sterile powders for the extemporaneous preparation of sterile 
injectable solutions or dispersions (for example, see U.S. Pat. 
No. 5,466,468). In all cases the form must be sterile and must 
be fluid to the extent that easy syringability exists. It must be 
stable under the conditions of manufacture and storage and 
must be preserved against the contaminating action of micro 
organisms, such as bacteria and fungi. The carrier can be a 
Solvent or dispersion medium containing, for example, water, 
ethanol, polyol (e.g., glycerol, propylene glycol, and liquid 
polyethylene glycol, and the like), Suitable mixtures thereof, 
and/or vegetable oils. Proper fluidity may be maintained, for 
example, by the use of a coating, such as lecithin, by the 
maintenance of the required particle size in the case of dis 
persion and/or by the use of surfactants. The prevention of the 
action of microorganisms can be facilitated by various anti 
bacterial and antifungal agents, for example, parabens, chlo 
robutanol, phenol, Sorbic acid, thimerosal, and the like. In 
many cases, it will be preferable to include isotonic agents, 
for example, Sugars or sodium chloride. Prolonged absorp 
tion of the injectable compositions can be brought about by 
the use in the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 
0742. In one embodiment, for parenteral administration in 
an aqueous solution, the solution should be suitably buffered 
if necessary and the liquid diluent first rendered isotonic with 
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Sufficient Saline or glucose. These particular aqueous solu 
tions are especially suitable for intravenous, intramuscular, 
Subcutaneous and intraperitoneal administration. In this con 
nection, a sterile aqueous medium that can be employed will 
be known to those of skill in the art in light of the present 
disclosure. For example, one dosage may be dissolved in 1 ml 
of isotonic NaCl solution and either added to 1000 ml of 
hypodermoclysis fluid or injected at the proposed site of 
infusion, (see for example, "Remington's Pharmaceutical 
Sciences' 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage will necessarily occur depending on 
the condition of the subject being treated. Moreover, for 
human administration, preparations will of course preferably 
meet sterility, pyrogenicity, and the general safety and purity 
standards as required by FDA Office of Biologics standards. 
0743. In another embodiment of the invention, the com 
positions disclosed herein may be formulated in a neutral or 
salt form. Illustrative pharmaceutically-acceptable salts 
include the acid addition salts (formed with the free amino 
groups of the protein) and which are formed with inorganic 
acids such as, for example, hydrochloric orphosphoric acids, 
or such organic acids as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed with the free carboxyl groups can also 
be derived from inorganic bases such as, for example, 
Sodium, potassium, ammonium, calcium, or ferric hydrox 
ides, and Such organic bases as isopropylamine, trimethy 
lamine, histidine, procaine and the like. Upon formulation, 
solutions will be administered in a manner compatible with 
the dosage formulation and in Such amount as is therapeuti 
cally effective. 
0744. The carriers can further comprise any and all sol 
vents, dispersion media, vehicles, coatings, diluents, antibac 
terial and antifungal agents, isotonic and absorption delaying 
agents, buffers, carrier solutions, Suspensions, colloids, and 
the like. The use of such media and agents for pharmaceutical 
active Substances is well known in the art. Except insofar as 
any conventional media or agent is incompatible with the 
active ingredient, its use in the therapeutic compositions is 
contemplated. Supplementary active ingredients can also be 
incorporated into the compositions. The phrase “pharmaceu 
tically-acceptable' refers to molecular entities and composi 
tions that do not produce an allergic or similar untoward 
reaction when administered to a human. 

0745. In certain embodiments, the pharmaceutical com 
positions may be delivered by intranasal sprays, inhalation, 
and/or otheraerosol delivery vehicles. Methods for delivering 
genes, nucleic acids, and peptide compositions directly to the 
lungs via nasal aerosol sprays has been described, e.g., in U.S. 
Pat. No. 5,756,353 and U.S. Pat. No. 5,804,212. Likewise, the 
delivery of drugs using intranasal microparticle resins (Tak 
enaga et al., J. Controlled Release 1998 Mar. 2: 52(1-2):81-7) 
and lysophosphatidyl-glycerol compounds (U.S. Pat. No. 
5,725.871) are also well-known in the pharmaceutical arts. 
Likewise, illustrative transmucosal drug delivery in the form 
of a polytetrafluoroetheylene support matrix is described in 
U.S. Pat. No. 5,780,045. 
0746. In certain embodiments, liposomes, nanocapsules, 
microparticles, lipid particles, Vesicles, and the like, are used 
for the introduction of the compositions of the present inven 
tion into Suitable host cells/organisms. In particular, the com 
positions of the present invention may be formulated for 
delivery either encapsulated in a lipid particle, a liposome, a 
vesicle, a nanosphere, or a nanoparticle or the like. Alterna 
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tively, compositions of the present invention can be bound, 
either covalently or non-covalently, to the surface of such 
carrier vehicles. 
0747 The formation and use of liposome and liposome 
like preparations as potential drug carriers is generally known 
to those of skill in the art (see for example, Lasic, Trends 
Biotechnol 1998 July; 16(7):307-21; Takakura, Nippon Rin 
sho 1998 March; 56(3):691-5; Chandran et al., Indian J Exp 
Biol. 1997 August: 35 (8):801-9; Margalit, Crit Rev. Ther 
Drug Carrier Syst. 1995; 12(2-3):233-61; U.S. Pat. No. 5,567, 
434; U.S. Pat. No. 5,552,157; U.S. Pat. No. 5,565,213; U.S. 
Pat. No. 5,738,868 and U.S. Pat. No. 5,795,587, each specifi 
cally incorporated herein by reference in its entirety). 
0748 Liposomes have been used successfully with a num 
ber of cell types that are normally difficult to transfect by 
other procedures, including T cell Suspensions, primary hepa 
tocyte cultures and PC 12 cells (Renneisenet al., J Biol Chem. 
1990 Sep. 25; 265(27):16337-42: Muller et al., DNA Cell 
Biol. 1990 April: 9(3):221-9). In addition, liposomes are free 
of the DNA length constraints that are typical of viral-based 
delivery systems. Liposomes have been used effectively to 
introduce genes, various drugs, radiotherapeutic agents, 
enzymes, viruses, transcription factors, allosteric effectors 
and the like, into a variety of cultured cell lines and animals. 
Furthermore, he use of liposomes does not appear to be asso 
ciated with autoimmune responses or unacceptable toxicity 
after systemic delivery. 
0749. In certain embodiments, liposomes are formed from 
phospholipids that are dispersed in an aqueous medium and 
spontaneously form multilamellar concentric bilayer vesicles 
(also termed multilamellar vesicles (MLVs). 
0750 Alternatively, in other embodiments, the invention 
provides for pharmaceutically-acceptable nanocapsule for 
mulations of the compositions of the present invention. Nano 
capsules can generally entrap compounds in a stable and 
reproducible way (see, for example, Quintanar-Guerrero et 
al., Drug Dev Ind Pharm. 1998 December; 24(12): 1113-28). 
To avoid side effects due to intracellular polymeric overload 
ing, Such ultrafine particles (sized around 0.1 um) may be 
designed using polymers able to be degraded in vivo. Such 
particles can be made as described, for example, by Couvreur 
et al., Crit Rev. Ther Drug Carrier Syst. 1988: 5(1):1-20; Zur 
Muhlen et al., Eur J Pharm Biopharm. 1998 March: 45(2): 
149-55; Zambaux et al. J. Controlled Release. 1998 Jan. 2: 
50(1-3):31-40; and U.S. Pat. No. 5,145,684. 

Cancer Therapeutic Methods 
0751. Immunologic approaches to cancer therapy are 
based on the recognition that cancer cells can often evade the 
body's defenses against aberrant or foreign cells and mol 
ecules, and that these defenses might be therapeutically 
stimulated to regain the lost ground, e.g. pgs. 623-648 in 
Klein, Immunology (Wiley-Interscience, New York, 1982). 
Numerous recent observations that various immune effectors 
can directly or indirectly inhibit growth of tumors has led to 
renewed interest in this approach to cancertherapy, e.g. Jager, 
et al. Oncology 2001: 60(1):1-7: Renner, et al., Ann Hematol 
2000 December; 79(12):651-9. 
0752 Four-basic cell types whose function has been asso 
ciated with antitumor cell immunity and the elimination of 
tumor cells from the body are: i) B-lymphocytes which 
secrete immunoglobulins into the blood plasma for identify 
ing and labeling the nonself invader cells; ii) monocytes 
which secrete the complement proteins that are responsible 
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for lysing and processing the immunoglobulin-coated target 
invader cells; iii) natural killer lymphocytes having two 
mechanisms for the destruction of tumor cells, antibody 
dependent cellular cytotoxicity and natural killing; and iv) 
T-lymphocytes possessing antigen-specific receptors and 
having the capacity to recognize a tumor cell carrying 
complementary marker molecules (Schreiber, H., 1989, in 
Fundamental Immunology (ed). W. E. Paul, pp. 923-955). 
0753 Cancer immunotherapy generally focuses on induc 
ing humoral immune responses, cellular immune responses, 
or both. Moreover, it is well established that induction of 
CD4 T helper cells is necessary in order to secondarily 
induce either antibodies or cytotoxic CD8" T cells. Polypep 
tide antigens that are selective or ideally specific for cancer 
cells, particularly lung cancer cells, offer a powerful approach 
for inducing immune responses against lung cancer, and are 
an important aspect of the present invention. 
0754. Therefore, in further aspects of the present inven 
tion, the pharmaceutical compositions described herein may 
be used for the treatment of cancer, particularly for the immu 
notherapy of lung cancer. Within Such methods, the pharma 
ceutical compositions described herein are administered to a 
patient, typically a warm-blooded animal, preferably a 
human. A patient may or may not be afflicted with cancer. 
Accordingly, the above pharmaceutical compositions may be 
used to prevent the development of a cancer or to treat a 
patient afflicted with a cancer. Pharmaceutical compositions 
and vaccines may be administered either prior to or following 
Surgical removal of primary tumors and/or treatment such as 
administration of radiotherapy or conventional chemothera 
peutic drugs. As discussed above, administration of the phar 
maceutical compositions may be by any Suitable method, 
including administration by intravenous, intraperitoneal, 
intramuscular, Subcutaneous, intranasal, intradermal, anal, 
vaginal, topical and oral routes. 
0755 Within certain embodiments, immunotherapy may 
be active immunotherapy, in which treatment relies on the in 
Vivo Stimulation of the endogenous host immune system to 
react against tumors with the administration of immune 
response-modifying agents (such as polypeptides and poly 
nucleotides as provided herein). 
0756. Within other embodiments, immunotherapy may be 
passive immunotherapy, in which treatment involves the 
delivery of agents with established tumor-immune reactivity 
(such as effector cells or antibodies) that can directly or 
indirectly mediate antitumor effects and does not necessarily 
depend on an intact host immune system. Examples of effec 
tor cells include T cells as discussed above, T lymphocytes 
(such as CD8 cytotoxic T lymphocytes and CD4 T-helper 
tumor-infiltrating lymphocytes), killer cells (such as Natural 
Killer cells and lymphokine-activated killer cells), B cells and 
antigen-presenting cells (such as dendritic cells and macroph 
ages) expressing a polypeptide provided herein. T cell recep 
tors and antibody receptors specific for the polypeptides 
recited herein may be cloned, expressed and transferred into 
other vectors or effector cells for adoptive immunotherapy. 
The polypeptides provided herein may also be used to gen 
erate antibodies or anti-idiotypic antibodies (as described 
above and in U.S. Pat. No. 4,918,164) for passive immuno 
therapy. 
0757 Monoclonal antibodies may be labeled with any of a 
variety of labels for desired selective usages in detection, 
diagnostic assays or therapeutic applications (as described in 
U.S. Pat. Nos. 6,090,365; 6,015,542; 5,843,398: 5,595,721: 



US 2010/0239615 A1 

and 4,708,930, hereby incorporated by reference in their 
entirety as if each was incorporated individually). In each 
case, the binding of the labelled monoclonal antibody to the 
determinant site of the antigen will signal detection or deliv 
ery of a particular therapeutic agent to the antigenic determi 
nant on the non-normal cell. A further object of this invention 
is to provide the specific monoclonal antibody suitably 
labelled for achieving such desired selective usages thereof. 
0758 Effector cells may generally be obtained in suffi 
cient quantities for adoptive immunotherapy by growth in 
vitro, as described herein. Culture conditions for expanding 
single antigen-specific effector cells to several billion innum 
ber with retention of antigen recognition in vivo are well 
known in the art. Such in vitro culture conditions typically use 
intermittent stimulation with antigen, often in the presence of 
cytokines (such as IL-2) and non-dividing feeder cells. As 
noted above, immunoreactive polypeptides as provided 
herein may be used to rapidly expand antigen-specific T cell 
cultures in order to generate a sufficient number of cells for 
immunotherapy. In particular, antigen-presenting cells. Such 
as dendritic, macrophage, monocyte, fibroblast and/or B 
cells, may be pulsed with immunoreactive polypeptides or 
transfected with one or more polynucleotides using standard 
techniques well known in the art. For example, antigen-pre 
senting cells can be transfected with a polynucleotide having 
a promoter appropriate for increasing expression in a recom 
binant virus or other expression system. Cultured effector 
cells for use in therapy must be able to grow and distribute 
widely, and to survive long term in vivo. Studies have shown 
that cultured effector cells can be induced to grow in vivo and 
to Survive long term in Substantial numbers by repeated 
stimulation with antigen Supplemented with IL-2 (see, for 
example, Cheever et al., Immunological Reviews 157: 177, 
1997). 
0759. Alternatively, a vector expressing a polypeptide 
recited herein may be introduced into antigen presenting cells 
taken from a patient and clonally propagated ex vivo for 
transplant back into the same patient. Transfected cells may 
be reintroduced into the patient using any means known in the 
art, preferably in sterile form by intravenous, intracavitary, 
intraperitoneal or intratumor administration. Routes and fre 
quency of administration of the therapeutic compositions 
described herein, as well as dosage, will vary from individual 
to individual, and may be readily established using standard 
techniques. In general, the pharmaceutical compositions and 
vaccines may be administered by injection (e.g., intracutane 
ous, intramuscular, intravenous or Subcutaneous), intrana 
sally (e.g., by aspiration) or orally. Preferably, between 1 and 
10 doses may be administered over a 52 week period. Pref 
erably, 6 doses are administered, at intervals of 1 month, and 
booster vaccinations may be given periodically thereafter. 
Alternate protocols may be appropriate for individual 
patients. A Suitable dose is an amount of a compound that, 
when administered as described above, is capable of promot 
ing an anti-tumor immune response, and is at least 10-50% 
above the basal (i.e., untreated) level. Such response can be 
monitored by measuring the anti-tumor antibodies inapatient 
or by vaccine-dependent generation of cytolytic effector cells 
capable of killing the patient's tumor cells in vitro. Such 
vaccines should also be capable of causing an immune 
response that leads to an improved clinical outcome (e.g., 
more frequent remissions, complete or partial or longer dis 
ease-free Survival) in vaccinated patients as compared to non 
vaccinated patients. In general, for pharmaceutical composi 
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tions and vaccines comprising one or more polypeptides, the 
amount of each polypeptide present in a dose ranges from 
about 25 ug to 5 mg per kg of host. Suitable dose sizes will 
vary with the size of the patient, but will typically range from 
about 0.1 mL to about 5 mL. 
0760. In general, an appropriate dosage and treatment 
regimen provides the active compound(s) in an amount Suf 
ficient to provide therapeutic and/or prophylactic benefit. 
Such a response can be monitored by establishing an 
improved clinical outcome (e.g., more frequent remissions, 
complete or partial, or longer disease-free Survival) in treated 
patients as compared to non-treated patients. Increases in 
preexisting immune responses to a tumor protein generally 
correlate with an improved clinical outcome. Such immune 
responses may generally be evaluated using standard prolif 
eration, cytotoxicity or cytokine assays, which may be per 
formed using samples obtained from a patient before and 
after treatment. 

Cancer Detection and Diagnostic Compositions, Methods 
and Kits 

0761. In general, a cancer may be detected in a patient 
based on the presence of one or more lung tumor proteins 
and/or polynucleotides encoding Such proteins in a biological 
sample (for example, blood, Sera, sputum urine and/or tumor 
biopsies) obtained from the patient. In other words, such 
proteins may be used as markers to indicate the presence or 
absence of a cancer Such as lung cancer. In addition, such 
proteins may be useful for the detection of other cancers. The 
binding agents provided herein generally permit detection of 
the level of antigen that binds to the agent in the biological 
sample. 
0762 Polynucleotide primers and probes may be used to 
detect the level of mRNA encoding a tumor protein, which is 
also indicative of the presence or absence of a cancer. In 
general, a tumor sequence should be present at a level that is 
at least two-fold, preferably three-fold, and more preferably 
five-fold or higher in tumor tissue than in normal tissue of the 
same type from which the tumor arose. Expression levels of a 
particular tumor sequence in tissue types different from that 
in which the tumor arose are irrelevant in certain diagnostic 
embodiments since the presence of tumor cells can be con 
firmed by observation of predetermined differential expres 
sion levels, e.g., 2-fold, 5-fold, etc., in tumor tissue to expres 
sion levels in normal tissue of the same type. 
0763. Other differential expression patterns can be uti 
lized advantageously for diagnostic purposes. For example, 
in one aspect of the invention, overexpression of a tumor 
sequence in tumor tissue and normal tissue of the same type, 
but not in other normal tissue types, e.g. PBMCs, can be 
exploited diagnostically. In this case, the presence of meta 
static tumor cells, for example in a sample taken from the 
circulation or some other tissue site different from that in 
which the tumor arose, can be identified and/or confirmed by 
detecting expression of the tumor sequence in the sample, for 
example using RT-PCR analysis. In many instances, it will be 
desired to enrich for tumor cells in the sample of interest, e.g., 
PBMCs, using cell capture or other like techniques. 
0764. There are a variety of assay formats known to those 
of ordinary skill in the art for using a binding agent to detect 
polypeptide markers in a sample. See, e.g., Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor 
0765 Laboratory, 1988. In general, the presence or 
absence of a cancer in a patient may be determined by (a) 
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contacting a biological sample obtained from a patient with a 
binding agent; (b) detecting in the sample a level of polypep 
tide that binds to the binding agent; and (c) comparing the 
level of polypeptide with a predetermined cut-off value. 
0766. In a preferred embodiment, the assay involves the 
use of binding agent immobilized on a solid Support to bind to 
and remove the polypeptide from the remainder of the 
sample. The bound polypeptide may then be detected using a 
detection reagent that contains a reporter group and specifi 
cally binds to the binding agent/polypeptide complex. Such 
detection reagents may comprise, for example, a binding 
agent that specifically binds to the polypeptide oran antibody 
or other agent that specifically binds to the binding agent, 
Such as an anti-immunoglobulin, protein G, protein A or a 
lectin. Alternatively, a competitive assay may be utilized, in 
which a polypeptide is labeled with a reporter group and 
allowed to bind to the immobilized binding agent after incu 
bation of the binding agent with the sample. The extent to 
which components of the sample inhibit the binding of the 
labeled polypeptide to the binding agent is indicative of the 
reactivity of the sample with the immobilized binding agent. 
Suitable polypeptides for use within such assays include full 
length lung tumor proteins and polypeptide portions thereof 
to which the binding agent binds, as described above. 
0767 The solid support may be any material known to 
those of ordinary skill in the art to which the tumor protein 
may be attached. For example, the Solid Support may be a test 
well in a microtiter plate or a nitrocellulose or other suitable 
membrane. Alternatively, the support may be a bead or disc, 
Such as glass, fiberglass, latex or a plastic material Such as 
polystyrene or polyvinylchloride. The Support may also be a 
magnetic particle or a fiber optic sensor, Such as those dis 
closed, for example, in U.S. Pat. No. 5,359,681. The binding 
agent may be immobilized on the Solid Support using a variety 
of techniques known to those of skill in the art, which are 
amply described in the patent and scientific literature. In the 
context of the present invention, the term “immobilization' 
refers to both noncovalent association, Such as adsorption, 
and covalent attachment (which may be a direct linkage 
between the agent and functional groups on the Support or 
may be a linkage by way of a cross-linking agent). Immobi 
lization by adsorption to a well in a microtiter plate or to a 
membrane is preferred. In Such cases, adsorption may be 
achieved by contacting the binding agent, in a suitable buffer, 
with the solid support for a suitable amount of time. The 
contact time varies with temperature, but is typically between 
about 1 hour and about 1 day. In general, contacting a well of 
a plastic microtiter plate (such as polystyrene or polyvinyl 
chloride) with an amount of binding agent ranging from about 
10 ng to about 10 ug, and preferably about 100 ng to about 1 
ug, is Sufficient to immobilize an adequate amount of binding 
agent. 
0768 Covalent attachment of binding agent to a solid Sup 
port may generally be achieved by first reacting the Support 
with a bifunctional reagent that will react with both the Sup 
port and a functional group, Such as a hydroxyl or amino 
group, on the binding agent. For example, the binding agent 
may be covalently attached to supports having an appropriate 
polymer coating using benzoquinone or by condensation of 
an aldehyde group on the Support with an amine and an active 
hydrogen on the binding partner (see, e.g., Pierce Immuno 
technology Catalog and Handbook, 1991, at A12-A13). 
0769. In certain embodiments, the assay is a two-antibody 
sandwich assay. This assay may be performed by first con 
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tacting an antibody that has been immobilized on a solid 
support, commonly the well of a microtiter plate, with the 
sample, such that polypeptides within the sample are allowed 
to bind to the immobilized antibody. Unbound sample is then 
removed from the immobilized polypeptide-antibody com 
plexes and a detection reagent (preferably a second antibody 
capable of binding to a different site on the polypeptide) 
containing a reporter group is added. The amount of detection 
reagent that remains bound to the Solid Support is then deter 
mined using a method appropriate for the specific reporter 
group. 

0770 More specifically, once the antibody is immobilized 
on the Support as described above, the remaining protein 
binding sites on the Support are typically blocked. Any Suit 
able blocking agent known to those of ordinary skill in the art, 
such as bovine serum albuminor Tween 20TM (Sigma Chemi 
cal Co., St. Louis, Mo.). The immobilized antibody is then 
incubated with the sample, and polypeptide is allowed to bind 
to the antibody. The sample may be diluted with a suitable 
diluent, such as phosphate-buffered saline (PBS) prior to 
incubation. In general, an appropriate contact time (i.e., incu 
bation time) is a period of time that is sufficient to detect the 
presence of polypeptide within a sample obtained from an 
individual with lung cancer. Preferably, the contact time is 
sufficient to achieve a level of binding that is at least about 
95% of that achieved at equilibrium between bound and 
unbound polypeptide. Those of ordinary skill in the art will 
recognize that the time necessary to achieve equilibrium may 
be readily determined by assaying the level of binding that 
occurs over a period of time. At room temperature, an incu 
bation time of about 30 minutes is generally sufficient. 
0771) Unbound sample may then be removed by washing 
the solid support with an appropriate buffer, such as PBS 
containing 0.1% Tween 20TM. The second antibody, which 
contains a reporter group, may then be added to the Solid 
Support. Preferred reporter groups include those groups 
recited above. 

0772. The detection reagent is then incubated with the 
immobilized antibody-polypeptide complex for an amount of 
time Sufficient to detect the bound polypeptide. An appropri 
ate amount of time may generally be determined by assaying 
the level of binding that occurs over a period of time. 
Unbound detection reagent is then removed and bound detec 
tion reagent is detected using the reporter group. The method 
employed for detecting the reporter group depends upon the 
nature of the reporter group. For radioactive groups, Scintil 
lation counting or autoradiographic methods are generally 
appropriate. Spectroscopic methods may be used to detect 
dyes, luminescent groups and fluorescent groups. Biotin may 
be detected using avidin, coupled to a different reporter group 
(commonly a radioactive or fluorescent group or an enzyme). 
Enzyme reporter groups may generally be detected by the 
addition of Substrate (generally for a specific period of time), 
followed by spectroscopic or other analysis of the reaction 
products. 
0773) To determine the presence or absence of a cancer, 
Such as lung cancer, the signal detected from the reporter 
group that remains bound to the Solid Support is generally 
compared to a signal that corresponds to a predetermined 
cut-off value. In one preferred embodiment, the cut-off value 
for the detection of a cancer is the average mean signal 
obtained when the immobilized antibody is incubated with 
samples from patients without the cancer. In general, a 
sample generating a signal that is three standard deviations 
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above the predetermined cut-off value is considered positive 
for the cancer. In an alternate preferred embodiment, the 
cut-off value is determined using a Receiver Operator Curve, 
according to the method of Sackett et al., Clinical Epidemi 
ology: A Basic Science for Clinical Medicine, Little Brown 
and Co., 1985, p. 106-7. Briefly, in this embodiment, the 
cut-off value may be determined from a plot of pairs of true 
positive rates (i.e., sensitivity) and false positive rates (100%- 
specificity) that correspond to each possible cut-off value for 
the diagnostic test result. The cut-off value on the plot that is 
the closest to the upper left-hand corner (i.e., the value that 
encloses the largest area) is the most accurate cut-off value, 
and a sample generating a signal that is higher than the cut-off 
value determined by this method may be considered positive. 
Alternatively, the cut-off value may be shifted to the left along 
the plot, to minimize the false positive rate, or to the right, to 
minimize the false negative rate. In general, a sample gener 
ating a signal that is higher than the cut-off value determined 
by this method is considered positive for a cancer. 
0774. In a related embodiment, the assay is performed in a 
flow-through or strip test format, wherein the binding agent is 
immobilized on a membrane, Such as nitrocellulose. In the 
flow-through test, polypeptides within the sample bind to the 
immobilized binding agent as the sample passes through the 
membrane. A second, labeled binding agent then binds to the 
binding agent-polypeptide complex as a solution containing 
the second binding agent flows through the membrane. The 
detection of bound second binding agent may then be per 
formed as described above. In the strip test format, one end of 
the membrane to which binding agentis bound is immersed in 
a solution containing the sample. The sample migrates along 
the membrane through a region containing second binding 
agent and to the area of immobilized binding agent. Concen 
tration of second binding agent at the area of immobilized 
antibody indicates the presence of a cancer. Typically, the 
concentration of second binding agent at that site generates a 
pattern, Such as a line, that can be read visually. The absence 
of Such a pattern indicates a negative result. In general, the 
amount of binding agent immobilized on the membrane is 
selected to generate a visually discernible pattern when the 
biological sample contains a level of polypeptide that would 
be sufficient to generate a positive signal in the two-antibody 
sandwich assay, in the format discussed above. Preferred 
binding agents for use in Such assays are antibodies and 
antigen-binding fragments thereof. Preferably, the amount of 
antibody immobilized on the membrane ranges from about 25 
ng to about 14, and more preferably from about 50 ng to about 
500 ng. Such tests can typically be performed with a very 
Small amount of biological sample. 
0775. Of course, numerous other assay protocols exist that 
are Suitable for use with the tumor proteins or binding agents 
of the present invention. The above descriptions are intended 
to be exemplary only. For example, it will be apparent to those 
of ordinary skill in the art that the above protocols may be 
readily modified to use tumor polypeptides to detect antibod 
ies that bind to such polypeptides in a biological sample. The 
detection of Such tumor protein specific antibodies may cor 
relate with the presence of a cancer. 
0776. A cancer may also, or alternatively, be detected 
based on the presence of T cells that specifically react with a 
tumor protein in a biological sample. Within certain methods, 
a biological sample comprising CD4" and/or CD8 T cells 
isolated from a patient is incubated with a tumor polypeptide, 
a polynucleotide encoding Such a polypeptide and/or an APC 
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that expresses at least an immunogenic portion of Such a 
polypeptide, and the presence or absence of specific activa 
tion of the T cells is detected. Suitable biological samples 
include, but are not limited to, isolated T cells. For example, 
T cells may be isolated from a patient by routine techniques 
(such as by Ficoll/Hypaque density gradient centrifugation of 
peripheral blood lymphocytes). T cells may be incubated in 
vitro for 2-9 days (typically 4 days) at 37°C. with polypeptide 
(e.g., 5 -25 ug/ml). It may be desirable to incubate another 
aliquot of a T cell sample in the absence of tumor polypeptide 
to serve as a control. For CD4 T cells, activation is preferably 
detected by evaluating proliferation of the T cells. For CD8" 
T cells, activation is preferably detected by evaluating 
cytolytic activity. A level of proliferation that is at least two 
fold greater and/or a level of cytolytic activity that is at least 
20% greater than in disease-free patients indicates the pres 
ence of a cancer in the patient. 
0777. As noted above, a cancer may also, or alternatively, 
be detected based on the level of mRNA encoding a tumor 
protein in a biological sample. For example, at least two 
oligonucleotide primers may be employed in a polymerase 
chain reaction (PCR) based assay to amplify a portion of a 
tumor cDNA derived from a biological sample, wherein at 
least one of the oligonucleotide primers is specific for a poly 
nucleotide encoding the tumor protein. The amplified cDNA 
is then separated and detected using techniques well known in 
the art, such as gel electrophoresis. 
0778. As would be readily understood by the skilled arti 
san, “specific for is a term of art. Determining whether and 
the conditions under which an oligonucleotide primer or 
probe is specific for a particular sequence of interest can 
easily be determined by routine experimentation using any 
number of assays known in the art, such as PCR, RT-PCR, and 
hybridization assays such as Northern Blots. That is, any 
number of assays can be used to determine the appropriate 
conditions and the appropriate oligonucleotide sequence 
such that the primer amplifies or the probe hybridizes to a 
sequence of interest but does not amplify or hybridize to one 
or more irrelevant control sequences. Further, a variety of 
computer programs are available in the art that can be used to 
design specific primers and probes. It should be noted that the 
olignucleotide primers and probes need not be 100% identical 
to the target sequence of interest in order to be specific for that 
sequence. As would be understood by the skilled artisan, 
mismatches are tolerated. Oligonucleotide primers and 
probes can have 99%, 98%, 97%, 96%. 95%, 94%, 93%, 
92%, 91%, 90%, and lower identity to the target sequence of 
interest. Furthermore, as would be understood by the skilled 
artisan, primers and probes can include additional sequence, 
Such as restriction endonuclease cleavage sites, that is not 
complementary to the sequence of interest, without impact 
ing specificity of the primer or probe. 
0779 Similarly, oligonucleotide probes that specifically 
hybridize to a polynucleotide encoding a tumor protein may 
be used in a hybridization assay to detect the presence of 
polynucleotide encoding the tumor protein in a biological 
sample. 
0780. To permit hybridization under assay conditions, oli 
gonucleotide primers and probes should comprise an oligo 
nucleotide sequence that has at least about 60%, preferably at 
least about 75% and more preferably at least about 90%, 
identity to a portion of a polynucleotide encoding a tumor 
protein of the invention that is at least 10 nucleotides, and 
preferably at least 20 nucleotides, in length. Preferably, oli 
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gonucleotide primers and/or probes hybridize to a polynucle 
otide encoding a polypeptide described herein under moder 
ately stringent conditions, as defined above. Oligonucleotide 
primers and/or probes which may be usefully employed in the 
diagnostic methods described herein preferably are at least 
10-40 nucleotides in length. In a preferred embodiment, the 
oligonucleotide primers comprise at least 10 contiguous 
nucleotides, more preferably at least 15 contiguous nucle 
otides, of a DNA molecule having a sequence as disclosed 
herein. Techniques for both PCR based assays and hybridiza 
tion assays are well known in the art (see, for example, Mullis 
et al., Cold Spring Harbor Symp. Ouant. Biol., 51:263, 1987: 
Erlich ed., PCR Technology, Stockton Press, NY, 1989). 
0781. One preferred assay employs RT-PCR, in which 
PCR is applied in conjunction with reverse transcription. 
Typically, RNA is extracted from a biological sample, such as 
biopsy tissue, and is reverse transcribed to produce cDNA 
molecules. PCR amplification using at least one specific 
primer generates a cDNA molecule, which may be separated 
and visualized using, for example, gel electrophoresis. 
Amplification may be performed on biological samples taken 
from a test patient and from an individual who is not afflicted 
with a cancer. The amplification reaction may be performed 
on several dilutions of cDNA spanning two orders of magni 
tude. A two-fold or greater increase in expression in several 
dilutions of the test patient sample as compared to the same 
dilutions of the non-cancerous sample is typically considered 
positive. 
0782. In another aspect of the present invention, cell cap 
ture technologies may be used in conjunction, with, for 
example, real-time PCR to provide a more sensitive tool for 
detection of metastatic cells expressing lung tumor antigens. 
Detection of lung cancer cells in biological samples, e.g., 
bone marrow samples, peripheral blood, and Small needle 
aspiration samples is desirable for diagnosis and prognosis in 
lung cancer patients. 
0783. Immunomagnetic beads coated with specific mono 
clonal antibodies to Surface cell markers, or tetrameric anti 
body complexes, may be used to first enrich or positively 
select cancer cells in a sample. Various commercially avail 
able kits may be used, including Dynabeads(R Epithelial 
Enrich (Dynal Biotech, Oslo, Norway), StemSepTM (Stem 
Cell Technologies, Inc., Vancouver, BC), and RosetteSep 
(StemCell Technologies). A skilled artisan will recognize that 
other methodologies and kits may also be used to enrich or 
positively select desired cell populations. Dynabeads(R Epi 
thelial Enrich contains magnetic beads coated with mAbs 
specific for two glycoprotein membrane antigens expressed 
on normal and neoplastic epithelial tissues. The coated beads 
may be added to a sample and the sample then applied to a 
magnet, thereby capturing the cells bound to the beads. The 
unwanted cells are washed away and the magnetically iso 
lated cells eluted from the beads and used in further analyses. 
0784 RosetteSep can be used to enrich cells directly from 
a blood sample and consists of a cocktail of tetrameric anti 
bodies that targets a variety of unwanted cells and crosslinks 
them to glycophorin A on red blood cells (RBC) present in the 
sample, forming rosettes. When centrifuged over Ficoll, tar 
geted cells pellet along with the free RBC. The combination 
of antibodies in the depletion cocktail determines which cells 
will be removed and consequently which cells will be recov 
ered. Antibodies that are available include, but are not limited 
to: CD2, CD3, CD4, CD5, CD8, CD10, CD11 b, CD14, 
CD15, CD16, CD19, CD20, CD24, CD25, CD29, CD33, 
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CD34, CD36, CD38, CD41, CD45, CD45RA, CD45RO, 
CD56, CD66B, CD66e, HLA-DR, IgE, and TCRCfB. 
0785 Additionally, it is contemplated in the present inven 
tion that mAbs specific for lung tumor antigens can be gen 
erated and used in a similar manner. For example, mAbs that 
bind to tumor-specific cell Surface antigens may be conju 
gated to magnetic beads, or formulated in a tetrameric anti 
body complex, and used to enrich or positively select meta 
static lung tumor cells from a sample. Once a sample is 
enriched or positively selected, cells may be lysed and RNA 
isolated. RNA may then be subjected to RT-PCR analysis 
using lung tumor-specific primers in a real-time PCR assay as 
described herein. One skilled in the art will recognize that 
enriched or selected populations of cells may be analyzed by 
other methods (e.g. in situ hybridization or flow cytometry). 
0786. In another embodiment, the compositions described 
herein may be used as markers for the progression of cancer. 
In this embodiment, assays as described above for the diag 
nosis of a cancer may be performed over time, and the change 
in the level of reactive polypeptide(s) or polynucleotide(s) 
evaluated. For example, the assays may be performed every 
24-72 hours for a period of 6 months to 1 year, and thereafter 
performed as needed. In general, a cancer is progressing in 
those patients in whom the level of polypeptide or polynucle 
otide detected increases over time. In contrast, the cancer is 
not progressing when the level of reactive polypeptide or 
polynucleotide either remains constant or decreases with 
time. 
0787 Certain in vivo diagnostic assays may be performed 
directly on a tumor. One such assay involves contacting tumor 
cells with a binding agent. The bound binding agent may then 
be detected directly or indirectly via a reporter group. Such 
binding agents may also be used in histological applications. 
Alternatively, polynucleotide probes may be used within such 
applications. 
0788. As noted above, to improve sensitivity, multiple 
tumor protein markers may be assayed within a given sample. 
It will be apparent that binding agents specific for different 
proteins provided herein may be combined within a single 
assay. Further, multiple primers or probes may be used con 
currently. The selection of tumor protein markers may be 
based on routine experiments to determine combinations that 
results in optimal sensitivity. In addition, or alternatively, 
assays for tumor proteins provided herein may be combined 
with assays for other known tumor antigens. 
0789. The present invention further provides kits for use 
within any of the above diagnostic methods. Such kits typi 
cally comprise two or more components necessary for per 
forming a diagnostic assay. Components may be compounds, 
reagents, containers and/or equipment. For example, one con 
tainer within a kit may contain a monoclonal antibody or 
fragment thereof that specifically binds to a tumor protein. 
Such antibodies or fragments may be provided attached to a 
Support material, as described above. One or more additional 
containers may enclose elements, such as reagents or buffers, 
to be used in the assay. Such kits may also, or alternatively, 
contain a detection reagent as described above that contains a 
reporter group suitable for direct or indirect detection of 
antibody binding. 
0790 Alternatively, a kit may be designed to detect the 
level of mRNA encoding a tumor protein in a biological 
sample. Such kits generally comprise at least one oligonucle 
otide probe or primer, as described above, that hybridizes to a 
polynucleotide encoding a tumor protein. Such an oligo 
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nucleotide may be used, for example, withina PCR or hybrid 
ization assay. Additional components that may be present 
within Such kits include a second oligonucleotide and/or a 
diagnostic reagent or container to facilitate the detection of a 
polynucleotide encoding a tumor protein. 
0791. The following examples are offered by way of illus 

tration and not by way of limitation. 

Examples 
Example 1 

ISOLATION AND CHARACTERIZATION OF 
CDNA SEQUENCES ENCODING LUNG TUMOR 

POLYPEPTIDES 

0792. This example illustrates the isolation of cDNA mol 
ecules encoding lung tumor-specific polypeptides from lung 
tumor cDNA libraries. 
A. Isolation of cDNA Sequences from a Lung Squamous Cell 
Carcinoma Library 
0793. A human lung squamous cell carcinoma cDNA 
expression library was constructed from poly A RNA from a 
pool of two patient tissues using a SuperScript Plasmid Sys 
tem for cDNA Synthesis and Plasmid Cloning kit (BRL Life 
Technologies, Gaithersburg, Md.) following the manufactur 
er's protocol. Specifically, lung carcinoma tissues were 
homogenized with polytron (Kinematica, Switzerland) and 
total RNA was extracted using Trizol reagent (BRL Life 
Technologies) as directed by the manufacturer. The poly A" 
RNA was then purified using an oligo dT cellulose column as 
described in Sambrook et al., Molecular Cloning: A Labora 
tory Manual, Cold Spring Harbor Laboratories, Cold Spring 
Harbor, N.Y., 1989. First-strand cDNA was synthesized using 
the NotI/Oligo-dT18 primer. Double-stranded cDNA was 
synthesized, ligated with BstXI/EcoRI adaptors (Invitrogen, 
San Diego, Calif.) and digested with NotI. Following size 
fractionation with cDNA size fractionation columns (BRL 
Life Technologies), the cDNA was ligated into the BstXI/ 
NotI site of pcDNA3.1 (Invitrogen) and transformed into 
ElectroMax E. coli DH10B cells (BRL Life Technologies) by 
electroporation. 
0794. Using the same procedure, a normal human lung 
cDNA expression library was prepared from a pool of four 
tissue specimens. The cDNA libraries were characterized by 
determining the number of independent colonies, the percent 
age of clones that carried insert, the average insert size and by 
sequence analysis. The lung squamous cell carcinoma library 
contained 2.7x10' independent colonies, with 100% of 
clones having an insert and the average insert size being 2100 
base pairs. The normal lung cDNA library contained 1.4x10' 
independent colonies, with 90% of clones having inserts and 
the average insert size being 1800 base pairs. For both librar 
ies, sequence analysis showed that the majority of clones had 
a full length cDNA sequence and were synthesized from 
mRNA 
0795 cDNA library subtraction was performed using the 
above lung squamous cell carcinoma and normal lung cDNA 
libraries, as described by Hara et al. (Blood, 84.189-199, 
1994) with Some modifications. Specifically, a lung squa 
mous cell carcinoma-specific subtracted cDNA library was 
generated as follows. Normal tissue cDNA library (80 ug) 
was digested with BamHI and XhoI, followed by a filling-in 
reaction with DNA polymerase Klenow fragment. After phe 
nol-chloroform extraction and ethanol precipitation, the 
DNA was dissolved in 133 ul of HO, heat-denatured and 
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mixed with 133 ul (133 g) of Photoprobe biotin (Vector 
Laboratories, Burlingame, Calif.). As recommended by the 
manufacturer, the resulting mixture was irradiated with a 270 
W Sunlamp on ice for 20 minutes. Additional Photoprobe 
biotin (67 ul) was added and the biotinylation reaction was 
repeated. After extraction with butanol five times, the DNA 
was ethanol-precipitated and dissolved in 23 ul HO to form 
the driver DNA. 
0796. To form the tracer DNA, 10 ug lung squamous cell 
carcinoma cDNA library was digested with NotI and Spel, 
phenol chloroform extracted and passed through Chroma 
spin-400 columns (Clontech, Palo Alto, Calif.). Typically, 5 
ug of cDNA was recovered after thesizing column. Following 
ethanol precipitation, the tracer DNA was dissolved in 5 ul 
HO. Tracer DNA was mixed with 15ul driver DNA and 20 
ul of 2x hybridization buffer (1.5 M NaC1/10 mM EDTA/50 
mM HEPES pH 7.5/0.2% sodium dodecyl sulfate), overlaid 
with mineral oil, and heat-denatured completely. The sample 
was immediately transferred into a 68° C. water bath and 
incubated for 20 hours (long hybridization LH). The reac 
tion mixture was then subjected to a streptavidin treatment 
followed by phenol/chloroform extraction. This process was 
repeated three more times. Subtracted DNA was precipitated, 
dissolved in 12 ul H.O., mixed with 8 ul driver DNA and 20 ul 
of 2x hybridization buffer, and subjected to a hybridization at 
68°C. for 2 hours (short hybridization ISH). After removal 
of biotinylated double-stranded DNA, subtracted cDNA was 
ligated into NotI/Spel site of chloramphenicol resistant 
pBCSK" (Stratagene, La Jolla, Calif.) and transformed into 
ElectroMax E. coli DH1 OB cells by electroporation to gen 
erate a lung squamous cell carcinoma specific Subtracted 
cDNA library (herein after referred to as “lung subtraction 
I). 
0797 A second lung squamous cell carcinoma specific 
subtracted cDNA library (referred to as “lung subtraction II) 
was generated in a similar way to the lung Subtraction library 
I, except that eight frequently recovered genes from lung 
subtraction I were included in the driver DNA, and 24,000 
independent clones were recovered. 
0798. To analyze the subtracted cDNA libraries, plasmid 
DNA was prepared from 320 independent clones, randomly 
picked from the Subtracted lung Squamous cell carcinoma 
specific libraries. Representative cDNA clones were further 
characterized by DNA sequencing with a Perkin Elmer/Ap 
plied Biosystems Division Automated Sequencer Model 
373A and/or Model 377 (Foster City, Calif.). The cDNA 
sequences for sixty isolated clones are provided in SEQ ID 
NO: 1-60. These sequences were compared to known 
sequences in the gene bank using the EMBL and GenBank 
databases (release 96). No significant homologies were found 
to the sequences provided in SEQID NO: 2, 3, 19.38 and 46. 
The sequences of SEQ ID NO: 1, 6-8, 10-13, 15, 17, 18, 
20-27, 29, 30, 32, 34-37, 39-45, 47-49, 51, 52, 54, 55 and 
57-59 were found to show some homology to previously 
identified expressed sequence tags (ESTs). The sequences of 
SEQ ID NO: 9, 28, 31 and 33 were found to show some 
homology to previously identified non-human gene 
sequences and the sequences of SEQID NO: 4, 5, 14, 50, 53, 
56 and 60 were found to show some homology to gene 
sequences previously identified in humans. 
0799. The subtraction procedure described above was 
repeated using the above lung squamous cell carcinoma 
cDNA library as the tracer DNA, and the above normal lung 
tissue cDNA library and a cDNA library from normal liver 
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and heart (constructed from a pool of one sample of each 
tissue as described above), plus twenty other cDNA clones 
that were frequently recovered in lung Subtractions I and II, as 
the driver DNA (lung subtraction III). The normal liver and 
heart cDNA library contained 1.76x10' independent colo 
nies, with 100% of clones having inserts and the average 
insert size being 1600 base pairs. Ten additional clones were 
isolated (SEQ ID NO: 61-70). Comparison of these cDNA 
sequences with those in the gene bank as described above, 
revealed no significant homologies to the sequences provided 
in SEQID NO: 62 and 67. The sequences of SEQID NO: 61, 
63-66, 68 and 69 were found to show some homology to 
previously isolated ESTs and the sequence provided in SEQ 
ID NO: 70 was found to show some homology to a previously 
identified rat gene. 
0800. In further studies, the subtraction procedure 
described above was repeated using the above lung Squamous 
cell carcinoma cDNA library as the tracer DNA, and a cDNA 
library from a pool of normal lung, kidney, colon, pancreas, 
brain, resting PBMC, heart, skin and esophagus as the driver 
DNA, with esophagus cDNAs making up one third of the 
driver material. Since esophagus is enriched in normal epi 
thelial cells, including differentiated squamous cells, this pro 
cedure is likely to enrich genes that are tumor specific rather 
than tissues specific. The cDNA sequences of 48 clones deter 
mined in this subtraction are provided in SEQID NO: 177 
224. The sequences of SEQID NO: 177, 178, 180, 181, 183, 
187, 192, 195-197, 208, 211, 212, 215, 216, 218 and 219 
showed some homology to previously identified genes. The 
sequences of SEQID NO: 179, 182, 184-186, 188-191, 193, 
194, 198-207, 209 210, 213, 214, 217, 220 and 224 showed 
some homology to previously determined ESTs. The 
sequence of SEQ ID NO: 221-223 showed no homology to 
any previously determined sequence. 
B. Isolation of CDNA Sequences from a Lung Adenocarci 
noma Library 
0801. A human lung adenocarcinoma cDNA expression 
library was constructed as described above. The library con 
tained 3.2x10 independent colonies, with 100% of clones 
having an insert and the average insert size being 1500 base 
pairs. Library subtraction was performed as described above 
using the normal lung and normal liver and heart cDNA 
expression libraries described above as the driver DNA. 
Twenty-six hundred independent clones were recovered. 
0802. Initial clNA sequence analysis from 100 indepen 
dent clones revealed many ribosomal protein genes. The 
cDNA sequences for fifteen clones isolated in this subtraction 
are provided in SEQ ID NO: 71-86. Comparison of these 
sequences with those in the gene bank as described above 
revealed no significant homologies to the sequence provided 
in SEQID NO: 84. The sequences of SEQID NO: 71, 73,74, 
77, 78 and 80-82 were found to show some homology to 
previously isolated ESTs, and the sequences of SEQID NO: 
72, 75, 76, 79.83 and 85 were found to show some homology 
to previously identified human genes. 
(0803. In further studies, a cDNA library (referred to as 
mets3616A) was constructed from a metastatic lung adeno 
carcinoma. The determined cDNA sequences of 25 clones 
sequenced at random from this library are provided in SEQID 
NO: 255-279. The mets3616A cDNA library was subtracted 
against a cDNA library prepared from a pool of normal lung, 
liver, pancreas, skin, kidney, brain and resting PBMC. To 
increase the specificity of the subtraction, the driver was 
spiked with genes that were determined to be most abundant 
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in the mets3616A cloNA library, such as EF1-alpha, integrin 
beta and anticoagulant protein PP4, as well as with cDNAs 
that were previously found to be differentially expressed in 
subtracted lung adenocarcinoma cDNA libraries. The deter 
mined cDNA sequences of 51 clones isolated from the sub 
tracted library (referred to as mets3616A-S1) are provided in 
SEQID NO: 280-330. 
(0804 Comparison of the sequences of SEQID NO: 255 
330 with those in the public databases revealed no significant 
homologies to the sequences of SEQID NO: 255-258, 260, 
262-264,270,272,275,276,279,281,287,291, 296,300 and 
310. The sequences of SEQID NO: 259,261,265-269,271, 
273, 274, 277, 278, 282-285, 288-290, 292, 294, 297-299, 
301, 303-309, 313, 314, 316, 320-324 and 326-330 showed 
Some homology to previously identified gene sequences, 
while the sequences of SEQID NO: 280, 286, 293,302,310, 
312,315, 317-319 and 325 showed some homology to previ 
ously isolated expressed sequence tags (ESTs). 

Example 2 
DETERMINATION OF TISSUE SPECIFICITY OF 

LUNG TUMOR POLYPEPTIDES 

0805. Using gene specific primers, mRNA expression lev 
els for seven representative lung tumor polypeptides 
described in Example 1 were examined in a variety of normal 
and tumor tissues using RT-PCR. 
(0806 Briefly, total RNA was extracted from a variety of 
normal and tumor tissues using Trizol reagent as described 
above. First strand synthesis was carried out using 2 ug of 
total RNA with SuperScript II reverse transcriptase (BRL 
Life Technologies) at 42°C. for one hour. The cDNA was then 
amplified by PCR with gene-specific primers. To ensure the 
semi-quantitative nature of the RT-PCR, 3-actin was used as 
an internal control for each of the tissues examined. 1 ul of 
1:30 dilution of cDNA was employed to enable the linear 
range amplification of the 3-actin template and was sensitive 
enough to reflect the differences in the initial copy numbers. 
Using these conditions, the f-actin levels were determined 
for each reverse transcription reaction from each tissue. DNA 
contamination was minimized by DNase treatment and by 
assuring a negative PCR result when using first strand cDNA 
that was prepared without adding reverse transcriptase. 
(0807 mRNA Expression levels were examined in five 
different types of tumor tissue (lung squamous cell carcinoma 
from 3 patients, lung adenocarcinoma, colon tumor from 2 
patients, breast tumor and prostate tumor), and thirteen dif 
ferent normal tissues (lung from 4 donors, prostate, brain, 
kidney, liver, ovary, skeletal muscle, skin, Small intestine, 
stomach, myocardium, retina and testes). Using a 10-fold 
amount of cDNA, the antigen LST-S1-90 (SEQ ID NO:3) 
was found to be expressed at high levels in lung Squamous cell 
carcinoma and in breast tumor, and at low to undetectable 
levels in the other tissues examined. 
(0808. The antigen LST-S2-68 (SEQIDNO: 15) appears to 
be specific to lung and breast tumor, however, expression was 
also detected in normal kidney. Antigens LST-S1-169 (SEQ 
ID NO: 6) and LST-S1-133 (SEQID NO:5) appear to be very 
abundant in lung tissues (both normal and tumor), with the 
expression of these two genes being decreased in most of the 
normal tissues tested. Both LST-S1-169 and LST-S1-133 
were also expressed in breast and colon tumors. Antigens 
LST-S1-6 (SEQ ID NO: 7) and LST-S2-I2-5F (SEQID NO: 
47) did not show tumor or tissue specific expression, with the 
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expression of LST-S1-28 being rare and only detectable in a 
few tissues. The antigen LST-S3-7 (SEQID NO: 63) showed 
lung and breast tumor specific expression, with its message 
only being detected in normal testes when the PCR was 
performed for 30 cycles. Lower level expression was detected 
in Some normal tissues when the cycle number was increased 
to 35. Antigen LST-S3-13 (SEQID NO: 66) was found to be 
expressed in 3 out of 4 lung tumors, one breast tumor and both 
colon tumor samples. Its expression in normal tissues was 
lower compared to tumors, and was only detected in 1 out of 
4 normal lung tissues and in normal tissues from kidney, 
ovary and retina. Expression of antigens LST-S3-4 (SEQ ID 
NO: 62) and LST-S3-14 (SEQID NO: 67) was rare and did 
not show any tissue or tumor specificity. Consistent with 
Northern blot analyses, the RT-PCR results on antigen LAT 
S1-A-10A (SEQID NO: 78) suggested that its expression is 
high in lung, colon, stomach and Small intestine tissues, 
including lung and colon tumors, whereas its expression was 
low or undetectable in other tissues. 

0809. A total of 2002 cDNA fragments isolated in lung 
subtractions I, II and III, described above, were colony PCR 
amplified and their mRNA expression levels in lung tumor, 
normal lung, and various other normal and tumor tissues were 
determined using microarray technology (Synteni, Palo Alto, 
Calif.). Briefly, the PCR amplification products were dotted 
onto slides in an array format, with each product occupying a 
unique location in the array. mRNA was extracted from the 
tissue sample to be tested, reverse transcribed, and fluores 
cent-labeled cDNA probes were generated. The microarrays 
were probed with the labeled cDNA probes, the slides 
scanned and fluorescence intensity was measured. This inten 
sity correlates with the hybridization intensity. Seventeen 
non-redundant cDNA clones showed over-expression in lung 
squamous tumors, with expression in normal tissues tested 
(lung, skin, lymph node, colon, liver, pancreas, breast, heart, 
bone marrow, large intestine, kidney, Stomach, brain, Small 
intestine, bladder and salivary gland) being either undetect 
able, or 10-fold less compared to lung squamous tumors. The 
determined cDNA sequences for the clone L513S are pro 
vided in SEQID NO: 87 and 88; those for L514S are provided 
in SEQID NO: 89 and 90; those for L516S in SEQID NO: 91 
and 92; that for L517S in SEQID NO: 93; that for L519S in 
SEQID NO: 94; those for L520S in SEQID NO: 95 and 96; 
those for L521S in SEQID NO: 97 and 98; that for L522S in 
SEQID NO: 99; that for L523S in SEQID NO: 100; that for 
L524S in SEQID NO: 101; that for L525S in SEQID NO: 
102; that for L526S in SEQ ID NO: 103; that for L527S in 
SEQID NO: 104; that for L528S in SEQID NO: 105; that for 
L529S in SEQ ID NO: 106; and those for L530S in SEQID 
NO: 107 and 108. Additionally, the full-length cDNA 
sequence for L530S is provided in SEQID NO: 151, with the 
corresponding amino acid sequence being provided in SEQ 
ID NO: 152. L530S shows homology to a splice variant of a 
p53 tumor suppressor homologue, p63. The cDNA sequences 
of 7 known isoforms of p63 are provided in SEQ ID NO: 
331-337, with the corresponding amino acid sequences being 
provided in SEQID NO: 338-344, respectively. 
0810. Due to polymorphisms, the clone L531S appears to 
have two forms. A first determined full-length cDNA 
sequence for L531 S is provided in SEQID NO: 109, with the 
corresponding amino acid sequence being provided in SEQ 
ID NO: 

0811 110. A second determined full-length cDNA 
sequence for L531S is provided in SEQID NO: 111, with the 
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corresponding amino acid sequence being provided in SEQ 
ID NO: 112. The sequence of SEQID NO: 111 is identical to 
that of SEQ ID NO: 109, except that it contains a 27 by 
insertion. Similarly, L514S has two alternatively spliced 
forms; the first variant cDNA is listed as SEQ ID NO: 153, 
with the corresponding amino acid sequence being provided 
in SEQ ID NO: 155. The full-length cDNA for the second 
variant form of L514S is provided in SEQID NO: 154, with 
the corresponding amino acid sequence being provided in 
SEQID NO: 156. 
0812. Full length cloning for L524S (SEQ ID NO: 101) 
yielded two variants (SEQ ID NO: 163 and 164) with the 
corresponding amino acid sequences of SEQID NO: 165 and 
166, respectively. Both variants have been shown to encode 
parathyroid hormone-related peptide. 
0813 Attempts to isolate the full-length cDNA for L519S, 
resulted in the isolation of the extended cDNA sequence 
provided in SEQID NO: 173, which contains a potential open 
reading frame. The amino acid sequence encoded by the 
sequence of SEQIDNO: 173 is provided in SEQID NO: 174. 
Additionally, the full-length cDNA sequence for the clone of 
SEQID NO: 100 (known as L523S), a known gene, is pro 
vided in SEQID NO: 175, with the corresponding amino acid 
sequence being provided in SEQ ID NO: 176. In further 
studies, a full-length cDNA sequence for L523S was isolated 
from a L523S-positive tumor cDNA library by PCR amplifi 
cation using gene specific primers designed from the 
sequence of SEQ ID NO: 175. The determined full-length 
cDNA sequence is provided in SEQID NO:347. The amino 
acid sequence encoded by this sequence is provided in SEQ 
ID NO. 348. This protein sequence differs from the previ 
ously published protein sequence at two amino acid positions, 
namely at positions 158 and 410. 
0814 Comparison of the sequences of L514S and L531S 
(SEQID NO: 87 and 88, and 109, respectively) with those in 
the gene bank, as described above, revealed no significant 
homologies to known sequences. The sequences of L513S, 
L516S, L517S, L519S, L520S and L530S (SEQ ID NO: 87 
and 88, 91 and 92,93, 94, 95 and 96, 107 and 108, respec 
tively) were found to show some homology to previously 
identified ESTs. The sequences of L521S, L522S, L523S, 
L524S, L525S, L526S, L527S, L528S and L529S (SEQ ID 
NO: 97 and 98, 99, 100, 101, 102, 103, 104, 105, and 106, 
respectively) were found to represent known genes. The 
determined full-length cDNA sequence for L520S is pro 
vided in SEQID NO: 113, with the corresponding amino acid 
sequence being provided in SEQ ID NO: 114. Subsequent 
microarray analysis showed L520S to be overexpressed in 
breast tumors in addition to lung Squamous tumors. 
0815. Further analysis demonstrated that L529S (SEQ ID 
NO: 106 and 115), L525S (SEQ ID NO: 102 and 120) and 
L527S (SEQ ID NO: 104) are cytoskeletal components and 
potentially squamous cell specific proteins. L529S is con 
nexin 26, a gap junction protein. It was found to be highly 
expressed in one lung squamous tumor, referred to as 9688T, 
and moderately over-expressed in two others. However, lower 
level expression of connexin 26 is also detectable in normal 
skin, colon, liver and stomach. The over-expression of con 
nexin 26 in some breast tumors has been reported and a 
mutated form of L529S may result in over-expression in lung 
tumors. L525S is plakophilin 1, a desmosomal protein found 
in plaque-bearing adhering junctions of the skin. Expression 
levels for L525S mRNA was highly elevated in three out of 
four lung Squamous tumors tested, and in normal skin. L527S 
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has been identified as keratin 6 isoform, type II 58 Kdkeratin 
and cytokeratin 13, and shows over-expression in squamous 
tumors and low expression in normal skin, breast and colon 
tissues. Keratin and keratin-related genes have been exten 
sively documented as potential markers for lung cancer 
including CYFRA2.1 (Pastor, A., et al., Eur: Respir. J., 
10:603-609, 1997). L513S (SEQ ID NO: 87 and 88) shows 
moderate over-expression in several tumor tissues tested, and 
encodes a protein that was first isolated as a pemphigus Vul 
garis antigen. 
0816 L520S (SEQID NO: 95 and 96) and L521S (SEQID 
NO: 97 and 98) are highly expressed in lung squamous 
tumors, with L520S being up-regulated in normal salivary 
gland and L521S being over-expressed in normal skin. Both 
belong to a family of small proline rich proteins and represent 
markers for fully differentiated squamous cells. L521S has 
been described as a specific marker for lung Squamous tumor 
(Hu, R., etal, Lung Cancer, 20:25-30, 1998). L515S (SEQID 
NO: 162) encodes IGF-32 and L516S is an aldose reductase 
homologue. Bothare moderately expressed in lung Squamous 
tumors and in normal colon. Notably, L516S (SEQID NO: 91 
and 92) is up-regulated in metastatic tumors but not primary 
lung adenocarcinoma, an indication of its potential role in 
metatasis and a potential prognostic marker. L522S (SEQID 
NO: 99) is moderately over-expressed in lung squamous 
tumors with minimum expression in normal tissues. L522S 
has been shown to belong to a class IV alcohol dehydroge 
nase, ADH7, and its expression profile suggests it is a squa 
mous cell specific antigen. L523S (SEQ ID NO: 100) is 
moderately over-expressed in lung squamous tumor, human 
pancreatic cancer cell lines and pancreatic cancer tissues, 
Suggesting this gene may be a shared antigen between pan 
creatic and lung squamous cell cancer. 
0817 L524S (SEQ ID NO: 101) is over-expressed in the 
majority of squamous tumors tested and is homologous with 
parathyroid hormone-related peptide (PTHrP), which is best 
known to cause humoral hypercalcaemia associated with 
malignant tumors such as leukemia, prostate and breast can 
cer. It is also believed that PTHrP is most commonly associ 
ated with squamous carcinoma of lung and rarely with lung 
adenocarcinoma (Davidson, L.A., et al., J. Pathol., 178: 398 
401, 1996). L528S (SEQ ID NO: 105) is highly over-ex 
pressed in two lung squamous tumors with moderate expres 
sion in two other squamous tumors, one lung adenocarcinoma 
and some normal tissues, including skin, lymph nodes, heart, 
stomach and lung. It encodes the NMB gene that is similar to 
the precursor of melanocyte specific gene Pmel17, which is 
reported to be preferentially expressed in low-metastatic 
potential melanoma cell lines. This suggests that L528S may 
be a shared antigen in both melanoma and lung squamous cell 
carcinoma. L526S (SEQID NO: 103) was overexpressed in 
all lung squamous cell tumor tissues tested and has been 
shown to share homology with a gene (ATM) in which a 
mutation causes ataxia telangiectasia, a genetic disorder in 
humans causing a predisposition to cancer, among other 
symptoms. ATM encodes a protein that activates a p53 medi 
ated cell-cycle checkpoint through direct binding and phos 
phorylation of the p53 molecule. Approximately 40% of lung 
cancers are associated with p53 mutations, and it is specu 
lated that over-expression of ATM is a result of compensation 
for loss of p53 function, but it is unknown whether over 
expression is the cause of result of lung Squamous cell carci 
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noma. Additionally, expression of L526S (ATM) is also 
detected in a metastatic but not lung adenocarcinoma, Sug 
gesting a role in metastasis. 
0818 Expression of L523S (SEQIDNO: 175), was exam 
ined by real time RT-PCR as described above. In a first study 
using a panel of lung Squamous tumors, L523S was found to 
be expressed in 4/7 lung Squamous tumors, 2/3 head and neck 
squamous tumors and 2/2 lung adenocarcinomas, with low 
level expression being observed in skeletal muscle, Soft palate 
and tonsil. In a second study using a lung adenocarcinoma 
panel, expression of L523S was observed in 4/9 primary 
adenocarcinomas, 2/2 lung pleural effusions, 1/1 metastatic 
lung adenocarcinomas and 2/2 lung Squamous tumors, with 
little expression being observed in normal tissues. 
0819 Expression of L523S in lung tumors and various 
normal tissues was also examined by Northern blot analysis, 
using standard techniques. In a first study, L523S was found 
to be expressed in a number of lung adenocarcinomas and 
squamous cell carcinomas, as well as normal tonsil. No 
expression was observed in normal lung. In a second study 
using a normal tissue blot (referred to as HB-12) from Clon 
tech, no expression was observed in brain, skeletal muscle, 
colon, thymus, spleen, kidney, liver, Small intestine, lung or 
PBMC, although there was strong expression in placenta. 

Example 3 

ISOLATION AND CHARACTERIZATION OF 
LUNG TUMORPOLYPEPTIDES BY PCR-BASED 

SUBTRACTION 

0820 Eight hundred and fifty seven clones from a cDNA 
subtraction library, containing cDNA from a pool of two 
human lung squamous tumors Subtracted against eight nor 
mal human tissue cDNAs including lung, PBMC, brain, 
heart, kidney, liver, pancreas, and skin, (Clontech, Palo Alto, 
Calif.) were derived and submitted to a first round of PCR 
amplification. This library was subjected to a second round of 
PCR amplification, following the manufacturer's protocol. 
The resulting cDNA fragments were subcloned into the 
P7-Adv vector (Clontech, Palo Alto, Calif.) and transformed 
into DH5a E. coli (Gibco, BRL). DNA was isolated from 
independent clones and sequenced using a Perkin Elmer/ 
Applied Biosystems Division Automated Sequencer Model 
373A. 
0821. One hundred and sixty two positive clones were 
sequenced. Comparison of the DNA sequences of these 
clones with those in the EMBL and GenBank databases, as 
described above, revealed no significant homologies to 13 of 
these clones, hereinafter referred to as Contigs 13, 16, 17, 19, 
22, 24, 29, 47, 49, 56-59. The determined cDNA sequences 
for these clones are provided in SEQID NO: 125, 127-129, 
131-133, 142, 144, 148-150, and 157, respectively. Contigs 1, 
3-5, 7-10, 12, 11, 15, 20, 31,33,38, 39, 41, 43,44, 45, 48, 50, 
53, 54 (SEQ ID NO: 115-124, 126, 130, 134-141, 143, 145 
147, respectively) were found to show some degree of homol 
ogy to previously identified DNA sequences. Contig 57 (SEQ 
IDNO: 149) was found to represent the clone L519S (SEQID 
NO:94) disclosed in U.S. patent application Ser. No. 09/123, 
912, filed Jul. 27, 1998. To the best of the inventors knowl 
edge, none of these sequences have been previously shown to 
be differentially over-expressed in lung tumors. 
0822 mRNA expression levels for representative clones 
in lung tumor tissues, normal lung tissues (n=4), resting 
PBMC, salivary gland, heart, stomach, lymph nodes, skeletal 
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muscle, Soft palate, Small intestine, large intestine, bronchial, 
bladder, tonsil, kidney, esophagus, bone marrow, colon, adre 
nal gland, pancreas, and skin (all derived from human) were 
determined by RT-PCR as described above. Expression levels 
using microarray technology, as described above, were exam 
ined in one sample of each tissue type unless otherwise indi 
cated. 

0823. Contig3 (SEQID NO: 116) was found to be highly 
expressed in all head and neck squamous cell tumors tested 
(17/17), and expressed in the majority (8/12) of lung squa 
mous tumors, (high expression in 7/12, moderate in 2/12, and 
low in 2/12), while showing negative expression for 2/4 nor 
mal lung tissues and low expression in the remaining two 
samples. Contig 3 showed moderate expression in skin and 
soft palate, and lowered expression levels in resting PBMC, 
large intestine, salivary gland, tonsil, pancreas, esophagus, 
and colon. Contig 11 (SEQ ID NO: 124) was found to be 
expressed in all head and neck squamous cell tumors tested 
(17/17), with high levels of expression being seen in 14/1 
tumors, and moderately levels of expression being seen in 
3/17 tumors. Additionally, high expression was seen in 3/12 
lung Squamous tumors and moderate expression in 4/12 lung 
squamous tumors. Contig 11 was negative for 3/4 normal 
lung samples, with the remaining sample having only low 
expression. Contig 11 showed low to moderate reactivity to 
salivary gland, soft palate, bladder, tonsil, skin, esophagus, 
and large intestine. Contig 13 (SEQID NO: 125) was found to 
be expressed in all head and neck squamous cell tumors tested 
(17/17), with high expression in 12/17, and moderate expres 
sion in 5/17. Contig 13 was expressed in 7/12 lung squamous 
tumors, with high expression in 4/12 and moderate expres 
sion in three samples. Analysis of normal lung Samples 
showed negative expression for 2/4 and low to moderate 
expression in the remaining two samples. Contig 13 showed 
low to moderate reactivity to resting PBMC, salivary gland, 
bladder, pancreas, tonsil, skin, esophagus, and large intestine, 
as well as high expression in soft palate. Subsequent full 
length cloning efforts revealed that contig 13 (also known as 
L761 P) maps to the 3' untranslated region of the hSecl Op 
gene. The full-length sequence for this gene is set forth in 
SEQIDNO:368, and encodes the protein set forth in SEQID 
NO: 369. 

0824 Contig 16 (SEQID NO: 127) was found to be mod 
erately expressed in several head and neck squamous cell 
tumors (6/17) and one lung squamous tumor, while showing 
no expression in any normal lung samples tested. Contig 16 
showed low reactivity to resting PBMC, large intestine, skin, 
salivary gland, and soft palate. Contig 17 (SEQID NO: 128) 
was shown to be expressed in all head and neck Squamous cell 
tumors tested (17/17) (highly expressed in 5/17, and moder 
ately expressed in 12/17). Determination of expression levels 
in lung squamous tumors showed one tumor sample with high 
expression and 3/12 with moderate levels. Contig 17 was 
negative for 2/4 normal lung samples, with the remaining 
samples having only low expression. Additionally, low level 
expression was found in esophagus and soft palate. Contig 19 
(SEQ ID NO: 129) was found to be expressed in most head 
and neck squamous cell tumors tested (11/17); with two 
samples having high expression levels, 6/17 showing moder 
ate expression, and low expression being found in 3/17. Test 
ing in lung squamous tumors revealed only moderate expres 
sion in 3/12 samples. Expression levels in 2/4 of normal lung 
samples were negative, the two other samples having only 
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low expression. Contig 19 showed low expression levels in 
esophagus, resting PBMC. Salivary gland, bladder, Soft palate 
and pancreas. 
0825 Contig 22 (SEQ ID NO: 131), was shown to be 
expressed in most head and neck Squamous cell tumors tested 
(13/17) with high expression in four of these samples, mod 
erate expression in 6/17, and low expression in 3/17. Expres 
sion levels in lung Squamous tumors were found to be mod 
erate to high for 3/12 tissues tested, with negative expression 
in two normal lung samples and low expression in two other 
samples (n=4). Contig 22 showed low expression in skin, 
salivary gland and soft palate. Similarly, Contig 24 (SEQID 
NO: 132) was found to be expressed in most head and neck 
squamous cell tumors tested (13/17) with high expression in 
three of these samples, moderate expression in 6/17, and low 
expression in 4/17. Expression levels in lung squamous 
tumors were found to be moderate to high for 3/12 tissues 
tested, with negative expression for three normal lung 
samples and low expression in one sample (n=4). Contig 24 
showed low expression in skin, salivary gland and Soft palate. 
Contig 29 (SEQID NO: 133) was expressed in nearly all head 
and neck squamous cell tumors tested (16/17): highly 
expressed in 4/17, moderately expressed in 11/17, with low 
expression in one sample. Also, it was moderately expressed 
in 3/12 lung squamous tumors, while being negative for 2/4 
normal lung samples. Contig 29 showed low to moderate 
expression in large intestine, skin, salivary gland, pancreas, 
tonsil, heart and soft palate. Contig 47 (SEQID NO: 142) was 
expressed in most head and neck squamous cell tumors tested 
(12/17): moderate expression in 10/17, and low expression in 
two samples. In lung squamous tumors, it was highly 
expressed in one sample and moderately expressed in two 
others (n=13). Contig 47 was negative for 2/4 normal lung 
samples, with the remaining two samples having moderate 
expression. Also, Contig 47 showed moderate expression in 
large intestine, and pancreas, and low expression in skin, 
salivary gland, soft palate, stomach, bladder, resting PBMC, 
and tonsil. 

0826 Contig 48 (SEQID NO: 143) was expressed in all 
head and neck Squamous cell tumors tested (17/17): highly 
expressed in 8/17 and moderately expressed in 7/17, with low 
expression in two samples. Expression levels in lung Squa 
mous tumors were high to moderate in three samples (n=13). 
Contig 48 was negative for one out of four normal lung 
samples, the remaining showing low or moderate expression. 
Contig 48 showed moderate expression in soft palate, large 
intestine, pancreas, and bladder, and low expression in 
esophagus, salivary gland, resting PBMC, and heart. Contig 
49 (SEQID NO: 144) was expressed at low to moderate levels 
in 6/17 head and neck squamous cell tumors tested. Expres 
sion levels in lung Squamous tumors were moderate in three 
samples (n=13). Contig 49 was negative for 2/4 normal lung 
samples, the remaining samples showing low expression. 
Moderate expression levels in skin, salivary gland, large 
intestine, pancreas, bladder and resting PBMC were shown, 
as well as low expression in soft palate, lymph nodes, and 
tonsil. Contig 56 (SEQID NO: 148) was expressed in low to 
moderate levels in 3/17 head and neck Squamous cell tumors 
tested, and in lung squamous tumors, showing low to moder 
ate levels in three out of thirteen samples. Notably, low 
expression levels were detected in one adenocarcinoma lung 
tumor sample (n=2). Contig 56 was negative for 3/4 normal 
lung samples, and showed moderate expression levels in only 
large intestine, and low expression in Salivary gland, soft 
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palate, pancreas, bladder, and resting PBMC. Contig 58, also 
known as L769P (SEQID NO: 150) was expressed at mod 
erate levels in 11/17 head and neck squamous cell tumors 
tested and low expression in one additional sample. Expres 
sion in lung squamous tumors showed low to moderate levels 
in three out of thirteen samples. Contig 58 was negative for 
3/4 normal lung samples, with one sample having low expres 
Sion. Moderate expression levels in skin, large intestine, and 
resting PBMC were demonstrated, as well as low expression 
in salivary gland, Soft palate, pancreas, and bladder. Contig 59 
(SEQ ID NO: 157) was expressed in some head, neck, and 
lung squamous tumors. Low level expression of Contig 59 
was also detected in salivary gland and large intestine. 
0827. The full-length cDNA sequence for Contig 22, also 
referred to as L763P, is provided in SEQIDNO: 158, with the 
corresponding amino acid sequence being provided in SEQ 
ID NO: 159. Real-time RT-PCR analysis of L763P revealed 
that it is highly expressed in 3/4 lung squamous tumors as 
well as 4/4 head and neck squamous tumors, with low level 
expression being observed in normal brain, skin, soft pallet 
and trachea. Subsequent database searches revealed that the 
sequence of SEQID NO: 158 contains a mutation, resulting 
in a frameshift in the corresponding protein sequence. A 
second cDNA sequence for L763P is provided in SEQID NO: 
345, with the corresponding amino acid sequence being pro 
vided in SEQIDNO:346. The sequences of SEQID NO: 159 
and 346 are identical with the exception of the C-terminal 33 
amino acids of SEQID NO: 159. 
0828 The full-length cDNA sequence incorporating Con 

tigs 17, 19, and 24, referred to as L762P, is provided in SEQ 
ID NO: 160, with the corresponding amino acid sequence 
being provided in SEQ ID NO: 161. Further analysis of 
L762P has determined it to be a type I membrane protein and 
two additional variants have been sequenced. Variant 1 (SEQ 
ID NO: 167, with the corresponding amino acid sequence in 
SEQID NO: 169) is an alternatively spliced form of SEQID 
NO: 160 resulting in deletion of 503 nucleotides, as well as 
deletion of a short segment of the expressed protein. Variant 2 
(SEQ ID NO: 168, with the corresponding amino acid 
sequence in SEQID NO: 170) has a two nucleotide deletion 
at the 3' coding region in comparison to SEQ ID NO: 160, 
resulting in a secreted form of the expressed protein. Real 
time RT-PCR analysis of L762P revealed that is over-ex 
pressed in 3/4 lung squamous tumors and 4/4 head & neck 
tumors, with low level expression being observed in normal 
skin, soft pallet and trachea. 
0829. An epitope of L762P was identified as having the 
sequence KPGHWTYTLNNTHHSLQALK (SEQ ID NO: 
382), which corresponds to amino acids 571-590 of SEQ ID 
NO:161. 

0830. The full-length cDNA sequence for contig 56 (SEQ 
IDNO: 148), also referred to as L773P, is provided in SEQID 
NO: 171, with the amino acid sequence in SEQID NO: 172. 
L773P was found to be identical to dihydroxyl dehydroge 
nase at the 3' portion of the gene, with divergent 5' sequence. 
As a result, the 69 N-terminal amino acids are unique. The 
cDNA sequence encoding the 69 N-terminal amino acids is 
provided in SEQID NO:349, with the N-terminal amino acid 
sequence being provided in SEQID NO:350. Real-time PCR 
revealed that L773P is highly expressed in lung squamous 
tumor and lung adenocarcinoma, with no detectable expres 
sion in normal tissues. Subsequent Northern blot analysis of 
L773P demonstrated that this transcript is differentially over 
expressed in squamous tumors and detected at approximately 
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1.6 Kb in primary lung tumor tissue and approximately 1.3 
Kb in primary head and neck tumor tissue. 
0831. Subsequent microarray analysis has shown Contig 
58, also referred to as L7695 (SEQ ID NO: 150), to be over 
expressed in breast tumors in addition to lung squamous 
tumors. 

Example 4 
ISOLATION AND CHARACTERIZATION OF 

LUNG TUMORPOLYPEPTIDES BY PCR-BASED 
SUBTRACTION 

0832. Seven hundred and sixty clones from a cDNA sub 
traction library, containing cDNA from a pool of two human 
lung primary adenocarcinomas Subtracted against a pool of 
nine normal humantissue cDNAS including skin, colon, lung, 
esophagus, brain, kidney, spleen, pancreas and liver, (Clon 
tech, Palo Alto, Calif.) were derived and submitted to a first 
round of PCR amplification. This library (referred to as ALT 
1) was subjected to a second round of PCR amplification, 
following the manufacturer's protocol. The expression levels 
of these 760 cDNA clones in lung tumor, normal lung, and 
various other normal and tumor tissues, were examined using 
microarray technology (Incyte, Palo Alto, Calif.). Briefly, the 
PCR amplification products were dotted onto slides in an 
array format, with each product occupying a unique location 
in the array. mRNA was extracted from the tissue sample to be 
tested, reverse transcribed, and fluorescent-labeled cDNA 
probes were generated. The microarrays were probed with the 
labeled cDNA probes, the slides scanned and fluorescence 
intensity was measured. This intensity correlates with the 
hybridization intensity. A total of 118 clones, of which 55 
were unique, were found to be over-expressed in lung tumor 
tissue, with expression in normal tissues tested (lung, skin, 
lymph node, colon, liver, pancreas, breast, heart, bone mar 
row, large intestine, kidney, Stomach, brain, Small intestine, 
bladder and salivary gland) being either undetectable, or at 
significantly lower levels. One of these clones, having the 
sequence as provided in SEQ ID NO:420 (clone #19014), 
shows homology to a previously identified clone, L773P. 
Clone L773P has the full-length cDNA sequence provided in 
SEQ ID NO: 171 and the amino acid sequence provided in 
SEQ ID NO: 172 The isolation of clone #19014 is also 
described in co-pending U.S. patent application Ser. No. 
09/285.479, filed Apr. 2, 1999. 

Example 5 
SYNTHESIS OF POLYPEPTIDES 

0833 Polypeptides may be synthesized on a PerkinElmer/ 
Applied Biosystems Division 430A peptide synthesizer using 
FMOC chemistry with HPTU (O-Benzotriazole-N,N,N',N'- 
tetramethyluronium hexafluorophosphate) activation. A Gly 
Cys-Gly sequence may be attached to the amino terminus of 
the peptide to provide a method of conjugation, binding to an 
immobilized surface, or labeling of the peptide. Cleavage of 
the peptides from the solid Support is carried out using the 
following cleavage mixture: trifluoroacetic acid: 
ethanedithiol: thioanisole:water:phenol (40:1:2:2:3). After 
cleaving for 2 hours, the peptides are precipitated in cold 
methyl-t-butyl-ether. The peptide pellets are then dissolved in 
water containing 0.1% trifluoroacetic acid (TFA) and lyo 
philized prior to purification by C18 reverse phase HPLC. A 
gradient of 0%-60% acetonitrile (containing 0.1% TFA) in 
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water (containing 0.1% TFA) may be used to elute the pep 
tides. Following lyophilization of the pure fractions, the pep 
tides are characterized using electrospray or other types of 
mass spectrometry and by amino acid analysis. 

Example 6 
PREPARATION OF ANTIBODIES AGAINST 

LUNG CANCERANTIGENS 

0834 Polyclonal antibodies against the lung cancer anti 
gens L514S, L528S, L531S, L523 and L773P (SEQID NO: 
155, 225, 112, 176 and 171, respectively) were prepared as 
follows. 
0835 Rabbits were immunized with recombinant protein 
expressed in and purified from E. colias described below. For 
the initial immunization, 400 ug of antigen combined with 
muramyl dipeptide (MDP) was injected subcutaneously 
(S.C.). Animals were boosted S.C. 4 weeks later with 200 ug 
of antigen mixed with incomplete Freund's Adjuvant (IFA). 
Subsequent boosts of 100 ug of antigen mixed with IFA were 
injected S.C. as necessary to induce high antibody titer 
responses. Serum bleeds from immunized rabbits were tested 
for antigen-specific reactivity using ELISA assays with puri 
fied protein. Polyclonal antibodies against L514S, L528S, 
L531S, L523S and L773P were affinity purified from high 
titer polyclonal Sera using purified protein attached to a solid 
Support. 
0836 Immunohistochemical analysis using polyclonal 
antibodies against L514S was performed on a panel of 5 lung 
tumor samples, 5 normal lung tissue samples and normal 
colon, kidney, liver, brain and bone marrow. Specifically, 
tissue samples were fixed in formalin solution for 24 hours 
and embedded in paraffin before being sliced into 10 micron 
sections. Tissue sections were permeabilized and incubated 
with antibody for 1 hr. HRP-labeled anti-mouse followed by 
incubation with DAB chromogen was used to visualize 
L514S immunoreactivity. L514S was found to be highly 
expressed in lung tumor tissue with little or no expression 
being observed in normal lung, brain or bone marrow. Light 
staining was observed in colon (epithelial crypt cells positive) 
and kidney (tubules positive). Staining was seen in normal 
liver but no mRNA has been detected in this tissue making 
this result Suspect. 
0837. Using the same procedure, immunohistochemical 
analysis using polyclonal antibodies against L528S demon 
strated staining in lung tumor and normal lung samples, light 
staining in colon and kidney, and no staining in liver and 
heart. 
0838 Immunohistochemical analysis using polyclonal 
antibodies against L531S demonstrated Staining in lung 
tumor samples, light membrane staining in most normal lung 
samples, epithelial staining in colon, tubule staining in kid 
ney, ductal epithelial staining in liver and no staining in heart. 
0839 Immunohistochemical analysis using polyclonal 
antibodies against L523S demonstrated Staining in all lung 
cancer Samples tested but no staining in normal lung, kidney, 
liver, colon, bone marrow or cerebellum. 
0840 Generation of polyclonal anti-sera against L762P 
(SEQ ID NO: 169 and 170) was performed as follows. 400 
micrograms of lung antigen was combined with 100 micro 
grams of muramyldipeptide (MDP). An equal volume of 
Incomplete Freund's Adjuvant (IFA) was added and then 
mixed until an emulsion was formed. Rabbits were injected 
subcutaneously (S.C.). After four weeks the animals were 
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injected S.C. with 200 micrograms of antigen mixed with an 
equal volume of IFA. Every four weeks animals were boosted 
with 100 micrograms of antigen. Seven days following each 
boost the animal was bled. Sera was generated by incubating 
the blood at 4°C. for 12-24 hours followed by centrifugation. 
0841 Characterization of polyclonal antisera was carried 
out as follows. Ninety-six well plates were coated with anti 
gen by incubing with 50 microliters (typically 1 microgram) 
at 4° C. for 20 hrs. 250 microliters of BSA blocking buffer 
was added to the wells and incubated at room temperature for 
2 hrs. Plates were washed 6 times with PBS/0.01% Tween. 
Rabbit Sera was diluted in PBSand 50 microliters of diluted 
sera was added to each well and incubated at room tempera 
ture for 30 min. Plates were washed as described above before 
addition of 50 microliters of goat anti-rabbit horse radish 
peroxidase (HRP) at a 1:10000 dilution and incubation at 
room temperature for 30 min. Plates were washed as 
described above and 100 ul of TMB Microwell Peroxidase 
Substrate was added to each well. Following a 15 minute 
incubation in the dark at room temperature, the colorimetric 
reaction was stopped with 100 ul 1N HSO and read imme 
diately at 450 nm. Antisera showed strong reactivity to anti 
gen L762P. 
0842 Immunohistochemical analysis using polyclonal 
antibodies against L762P demonstrated Staining in all lung 
cancer samples tested. Some light staining in the bronchiole 
epithelium of normal lung, tubule staining in kidney, light 
epithelial staining in colon and no staining in heart or liver. 
0843. In order to evaluate L773P protein expression in 
various tissues, immunohistochemistry (IHC) analysis was 
performed using an affinity purified L773P polyclonal anti 
body. Briefly, tissue samples were fixed in formalin solution 
for 12-24 hrs and embedded in paraffin before being sliced 
into 8 micron sections. Steam heat induced epitope retrieval 
(SHIER) in 0.1 M sodiuym citrate buffer (pH 6.0) was used 
for optimal staining conditions. Sections were incubated with 
10% serum/PBS for 5 minutes. Primary antibody was added 
to each section for 25 minutes at indicated concentrations 
followed by 25 minute incubation with either anti-rabbit or 
anti-mouse biotinylated antibody. Endogenous peroxidase 
activitiy was blocked by three 1.5 minute incubations with 
hydrogen peroxidase. Theavidinbiotin complex/horse radish 
peroxidase (ABC/HRP) system was used along with DAB 
chromogen to visualize L773P expression. Slides were coun 
terstainied with hematoxylin to visualize cell nuclei. Using 
this approach, L773P protein was detected in 6/8 lung tumors, 
4/6 normal lung samples (very light staining in Some cases), 
1/1 kidney samples (very light staining), 0/1 heart samples, 
1/1 colon samples (very light staining) and 0/1 liversamples. 

Example 7 
PEPTIDE PRIMING OF MICE AND PROPAGA 

TION OF CTL LINES 

0844 Immunogenic peptides from the lung cancer antigen 
L762P (SEQID NO:161) for HLA-A2/K-restricted CD8+ T 
cells were identified as follows. 
0845 The location of HLA-A2 binding peptides within 
the lung cancer antigen L762P (SEQ ID NO: 161) was pre 
dicted using a computer program which predicts peptides 
sequences likely to being to HLA-A*0201 by fitting to the 
known peptide binding motif for HLA-A*0201 (Rupert et al. 
(1993) Cell 74:929; Rammensee et al. (1995) Immunogenet 
ics 41:178-228). A series of 19 synthetic peptides correspond 
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ing to a selected subset of the predicted HLA-A*0201 bind 
ing peptides was prepared as described above. 
0846 Mice expressing the transgene for human HLA 
A2/K” (provided by Dr L. Sherman, The Scripps Research 
Institute, La Jolla, Calif.) were immunized with the synthetic 
peptides, as described by Theobald et al., Proc. Natl. Acad. 
Sci. USA 92:11993-11997, 1995, with the following modifi 
cations. Mice were immunized with 50 ug of L726P peptide 
and 120 ug of an I-A binding peptide derived from hepatitis 
B virus protein emulsified in incomplete Freund's adjuvant. 
Three weeks later these mice were sacrificed and single cell 
suspensions prepared. Cells were then resuspended at 7x10' 
cells/ml in complete media (RPMI-1640; Gibco BRL, Gaith 
ersburg, Md.) containing 10% FCS, 2 mM Glutamine (Gibco 
BRL), sodium pyruvate (Gibco BRL), non-essential amino 
acids (Gibco BRL), 2x10 M 2-mercaptoethanol, 50 U/ml 
penicillin and streptomycin, and cultured in the presence of 
irradiated (3000 rads) L762P peptide-(5ug/ml) and 10mg/ml 
B-microglobulin-(3 L/ml) LPS blasts (A2 transgenic spleens 
cells cultured in the presence of 7 Lig/ml dextran Sulfate and 
25 ug/ml LPS for 3 days). After six days, cells (5x10/ml) 
were restimulated with 2.5x10°/ml peptide-pulsed irradiated 
(20,000 rads) EL4A2Kb cells (Sherman et al, Science 258: 
815-818, 1992) and 5x10°/ml irradiated (3000 rads) A2/K- 
transgenic spleen feeder cells. Cells were cultured in the 
presence of 10 U/ml IL-2. Cells were restimulated on a 
weekly basis as described, in preparation for cloning the line. 
0847 Peptide-specific cell lines were cloned by limiting 
dilution analysis with irradiated (20,000 rads) L762P pep 
tide-pulsed EL4 A2Kb tumor cells (1x10" cells/well) as 
stimulators and irradiated (3000 rads) A2/K-transgenic 
spleen cells as feeders (5x10 cells/well) grown in the pres 
ence of 10 U/ml IL-2. On day 7, cells were restimulated as 
before. On day 14, clones that were growing were isolated 
and maintained in culture. 
0848 Cell lines specific for the peptides L762P-87 (SEQ 
ID NO: 226; corresponding to amino acids 87-95 of SEQ ID 
NO: 161), L762P-145 (SEQ ID NO: 227; corresponding to 
amino acids 145-153 of SEQID NO:161), L762P-585 (SEQ 
ID NO: 228; corresponding to amino acids 585-593 of SEQ 
IDNO:161), L762P-425 (SEQID NO: 229; corresponding to 
amino acids 425-433 of SEQ ID NO: 161), L762P(10)-424 
(SEQID NO: 230; corresponding to amino acids 424-433 of 
SEQ ID NO: 161) and L762P(10)-458 (SEQ ID NO: 231: 
corresponding to amino acids 458–467 of SEQID NO: 161) 
demonstrated significantly higher reactivity (as measured by 
percent specific lysis) against L762P peptide-pulsed EL4-A2/ 
K” tumor target cells than control peptide-pulsed EL4-A2/K” 
tumor target cells. 

Example 8 
IDENTIFICATION OF CD4 IMMUNOGENICT 
CELLEPITOPES DERIVED FROM THE LUNG 

CANCERANTIGEN L762P 

0849 CD4 T cell lines specific for the antigen L762P 
(SEQ ID NO: 161) were generated as follows. 
0850. A series of 28 overlapping peptides were synthe 
sized that spanned approximately 50% of the L762P 
sequence. For priming, peptides were combined into pools of 
4-5 peptides, pulsed at 20 micrograms/ml into dendritic cells 
for 24 hours. The dendritic cells were then washed and mixed 
with positively selected CD4+ T cells in 96 well U-bottomed 
plates. Forty cultures were generated for each peptide pool. 
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Cultures were restimulated weekly with fresh dendritic cells 
loaded with peptide pools. Following a total of 3 stimulation 
cycles, cells were rested for an additional week and tested for 
specificity to antigen presenting cells (APC) pulsed with pep 
tide pools using interferon-gamma ELISA and proliferation 
assays. For these assays, adherent monocytes loaded with 
either the relevant peptide pool or an irrelevant peptide were 
used as APC. T cell lines that appeared to specifically recog 
nize L762P peptide pools both by cytokine release and pro 
liferation were identified for each pool. Emphasis was placed 
on identifying T cells with proliferative responses. T cell lines 
that demonstrated either both L762P-specific cytokine secre 
tion and proliferation, or strong proliferation alone were fur 
ther expanded to be tested for recognition of individual pep 
tides from the pools, as well as for recognition of recombinant 
L762P. The source of recombinant L762P was E. coli, and the 
material was partially purified and endotoxin positive. These 
studies employed 10 micrograms of individual peptides, 10 or 
2 micrograms of an irrelevant peptide, and 2 or 0.5 micro 
grams of either 
0851 L762P protein or an irrelevant, equally impure, E. 
coli generated recombinant protein. Significant interferon 
gamma production and CD4 T cell proliferation was induced 
by a number of L762P-derived peptides in each pool. The 
amino acid sequences for these peptides are provided in SEQ 
ID NO. 232-251. These peptides correspond to amino acids 
661-680, 676-696, 526-545, 874-893, 811-830, 871-891, 
856-875, 826-845, 795-815, 736-755, 706-725, 706-725, 
691-710, 601-620, 571-590, 556-575, 616-635, 646-665, 
631-650, 541-560 and 586-605, respectively, of SEQID NO: 
161. 

0852. CD4 T cell lines that demonstrated specificity for 
individual L762P-derived peptides were further expanded by 
stimulation with the relevant peptide at 10 micrograms/ml. 
Two weeks post-stimulation, T cell lines were tested using 
both proliferation and IFN-gamma ELISA assays for recog 
nition of the specific peptide. A number of previously identi 
fied T cells continued to demonstrate L762P-peptide specific 
activity. Each of these lines was further expanded on the 
relevant peptide and, following two weeks of expansion, 
tested for specific recognition of the L762P-peptide in titra 
tion experiments, as well as for recognition of recombinant E. 
coli-derived L762P protein. For these experiments, autolo 
gous adherent monocytes were pulsed with either the relevant 
L762P-derived peptide, an irrelevant mammaglobin-derived 
peptide, recombinant E. coli-derived L762P (approx. 50% 
pure), or an irrelevant E. coli-derived protein. The majority of 
T cell lines were found to show low affinity for the relevant 
peptide, since specific proliferation and IFN-gamma ratios 
dramatically decreased as L762P peptide was diluted. How 
ever, four lines were identified that demonstrated significant 
activity even at 0.1 micrograms/ml peptide. Each of these 
lines (referred to as A/D5, D/F5, E/A7 and E/B6) also 
appeared to specifically proliferate in response to the E. coli 
derived L762P protein preparation, but not in response to the 
irrelevant protein preparation. The amino acid sequences of 
the L762P-derived peptides recognized by these lines are 
provided in SEQID NO. 234,249,236 and 245, respectively. 
No protein specific IFN-gamma was detected for any of the 
lines. Lines A/D5, E/A7 and E/B6 were cloned on autologous 
adherent monocytes pulsed with the relevant peptide at 0.1 
(A/D5 and E/A7) or 1 (D/F5) microgram/ml. Following 
growth, clones were tested for specificity for the relevant 
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peptide. Numerous clones specific for the relevant peptide 
were identified for lines ND5 and E/A7. 

Example 9 
PROTEIN EXPRESSION OF LUNG TUMOR-SPE 

CIFICANTIGENS 

0853 A. Expression of L514S in E. coli 
0854. The lung tumor antigen L514S (SEQ ID NO: 89) 
was subcloned into the expression vector pE32b at NcoI and 
Not sites, and transformed into E. coli using standard tech 
niques. The protein was expressed from residues 3-153 of 
SEQID NO: 89. The expressed amino acid sequence and the 
corresponding DNA sequence are provided in SEQ ID NO: 
252 and 253, respectively. 

B. Expression of L762P 
0855 Amino acids 32-944 of the lung tumor antigen 
L762P (SEQID NO:161), with a 6x His Tag, were subcloned 
into a modified pET28 expression vector, using kanamycin 
resistance, and transformed into BL21 CodonPlus using stan 
dard techniques. Low to moderate levels of expression were 
observed. The determined DNA sequence of the L762P 
expression construct is provided in SEQID NO: 254. 

Example 10 
IDENTIFICATION OF MEHC CLASS II 

RESTRICTING ALLELE FOR L762P PEPTIDE 
SPECIFIC RESPONSES 

0856. A panel of HLA mismatched antigen presenting 
cells (APC) were used to identify the MHC class II restricting 
allele for the L762P-peptide specific responses of CD4 T cell 
clones derived from lines that recognized L762P peptide and 
recombinant protein. Clones from two lines, AD-5 and EA-7, 
were tested as described below. The AD-5 derived clones 
were found to be restricted by the HLA-DRB-1101 allele, and 
an EA-7 derived clone was found to be restricted by the HLA 

Donor Pro 

D72 46 
DR-0701, 
-1101, 
DQ-0202, 
-7 
D45 3.2 
DR-3, -15, 

D187 1.4 
DR-4, 
-15, 

D2O8 138 

DR-4, 
-1101, 

D326 0.7 
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DRB-0701 or DQB1-0202allele. Identification of the restric 
tion allele allows targeting of vaccine therapies using the 
defined peptide to individuals that express the relevant class II 
allele. Knowing the relevant restricting allele will also enable 
clinical monitoring for responses to the defined peptide since 
only individuals that express the relevant allele will be moni 
tored. 
0857 CD4 T cell clones derived from line AD-5 and EA-7 
were stimulated on autologous APC pulsed with the specific 
peptide at 10 ug/ml, and tested for recognition of autologous 
APC (from donor D72) as well as against a panel of APC 
partially matched with D72 at class II alleles. Table 2 shows 
the HLA class typing of the APC tested. Adherent monocytes 
(generated by 2 hour adherence) from four different donors, 
referred to as D45, D187, D208, and D326, were used as APC 
in these experiments. Autologous APC were not included in 
the experiment. Each of the APC were pulsed with the rel 
evant peptide (5a for AD-5 and 3e for 3A-7) or the irrelevant 
mammoglobin peptide at 10 ug/ml, and cultures were estab 
lished for 10,000 T cells and about 20,000 APC/well. As 
shown in Table 3, specific proliferation and cytokine produc 
tion could be detected only when partially matched donor 
cells were used as APC. Based on the MHC typing analysis, 
these results strongly suggest that the restricting allele for the 
L762-specific response of the AD-5 derived clones is HLA 
DRB-1 101 and for the EA-7 derived clone the restricting 
allele is HLA DRB-0701 or DQB1-0202. 

TABLE 2 

HLA Typing of APC 

DONOR DR DR DQ DQ 

D72 B1-1101 B1-0701 B1-02O2 B1 -O3O1 
D45 -3 -15 B1-02O1 B1-06O2 
D187 -4 -15 -1 -7 
D2O8 B1-1101 B1-04O7 -3 -3 
D326 B1 -O3O1 B1-0701 B1-02O2 B1-02O1 

TABLE 3 

L762P Peptide Responses Map to HLA DR Alleles 

AD-5 

B10 C10 C11 E6 F1 

Y- Y- Y 
IFN Pro IFN Pro IF 

31 34 24 31 40 

1.7 S.S 1.2 3.3 1 10 15 1.1 1.1 1.6 1.1 

1.2 1.3 1 1.4 1.1 1.4 1.7 1.0 1.1 1.4 1.2 

38 5.4 18.8 10 14.6 4.6 15.3 6.1 45.9 8.6 

O.3 1 O.3 1.4 1.O 2 O.8 1.1 O3 1.1 
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TABLE 3-continued 

L762P Peptide Responses Map to HLA DR Alleles 
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EA-7 

G10 G12 

Y- Y 
IFN Pro IFN 

10 

2 1.5 O.8 1.1 

O 1.6 OS 1 

6 19.6 O.8 1 

2 5 14.1 6.8 

structed by conventional genetic engineering techniques. 
Recombinant nucleic acids are constructed so that, prefer 
ably, a Ra12 polynucleotide sequence is located 5' to a 
selected heterologous lung tumor polynucleotide sequence. It 
may also be appropriate to place a Ra12 polynucleotide 

DR-3, 
-0701, 
DQ-0202 

AD-5 

F9 G8 G9 

Y- Y- Y 
Donor Pro IFN Pro IFN Pro IFN Pro 

D72 55 45 43 91 
DR-0701, 
-1101, 
DQ-0202, 

D45 1.4 1.3 O.2 1.1 1.1 1.1 1 
DR-3, -15, 

D187 1.2 1.1 O.9 1 1.O 1 1 
DR-4, 
-15, 

D2O8 73.3 14.1 38.O 7.7 1743 16.1 113. 
DR-4, 
-1101, 

D32 O.7 11 O.6 12 O.4 1 1 
DR-3, 
-0701, 
DQ-0202 

Example 11 
FUSION PROTEINS OF N-TERMINAL AND 

C-TERMINAL PORTIONS OF LT63P 

0858. In another embodiment, a Mycobacterium tubercu 
losis-derived polynucleotide, referred to as Ra12, is linked to 
at least an immunogenic portion of a polynucleotide of this 
invention. Ra12 compositions and methods for their use in 
enhancing expression of heterologous polynucleotide 
sequences are described in U.S. Patent Application 60/158, 
585, the disclosure of which is incorporated herein by refer 
ence in its entirety. Briefly, Ra12 refers to a polynucleotide 
region that is a Subsequence of a Mycobacterium tuberculosis 
MTB32A nucleic acid. MTB32A is a serine protease of 32 
KD molecular weight encoded by a gene in virulent and 
avirulent strains of M. tuberculosis. The nucleotide sequence 
and amino acid sequence of MTB32A have been described 
(for example, U.S. Patent Application 60/158,585; see also, 
Skeiky et al., Infection and Immun. (1999) 67:3998-4007, 
incorporated herein by reference). Surprisingly, it was dis 
covered that a 14KD C-terminal fragment of the MTB32A 
coding sequence expresses at high levels on its own and 
remains as a soluble protein throughout the purification pro 
cess. Moreover, this fragment may enhance the immunoge 
nicity of heterologous antigenic polypeptides with which it is 
fused. This 14 KD C-terminal fragment of the MTB32A is 
referred to herein as Ra12 and represents a fragment com 
prising some or all of amino acid residues 192 to 323 of 
MTB32A. 

0859 Recombinant nucleic acids which encode a fusion 
polypeptide comprising a Ra12 polypeptide and a heterolo 
gous lung tumor polypeptide of interest, can be readily con 

sequence 3' to a selected heterologous polynucleotide 
sequence or to inserta heterologous polynucleotide sequence 
into a site within a Ra12 polynucleotide sequence. 
0860. In addition, any suitable polynucleotide that 
encodes a Ra12 or a portion or other variant thereof can be 
used in constructing recombinant fusion polynucleotides 
comprising Ra12 and one or more lung tumor polynucle 
otides disclosed herein. Preferred Ra12 polynucleotides gen 
erally comprise at least about 15 consecutive nucleotides, at 
least about 30 nucleotides, at least about 60 nucleotides, at 
least about 100 nucleotides, at least about 200 nucleotides, or 
at least about 300 nucleotides that encode a portion of a Ra12 
polypeptide. 
0861 Ra12 polynucleotides may comprise a native 
sequence (i.e., an endogenous sequence that encodes a Ra12 
polypeptide or a portion thereof) or may comprise a variant of 
Such a sequence. Ra12 polynucleotide variants may contain 
one or more Substitutions, additions, deletions and/or inser 
tions such that the biological activity of the encoded fusion 
polypeptide is not substantially diminished, relative to a 
fusion polypeptide comprising a native Ra12 polypeptide. 
Variants preferably exhibit at least about 70% identity, more 
preferably at least about 80% identity and most preferably at 
least about 90% identity to a polynucleotide sequence that 
encodes a native Ra12 polypeptide or a portion thereof. 
0862 Two specific embodiments of fusions between Ra12 
and antigens of the present invention are described in this 
example. 
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A. N-Terminal Portion of L763P 

0863. A fusion protein of full-length Ra12 and the N-ter 
minal portion of L763P (referred to as L763P-N: amino acid 
residues 1-130 of SEQID NO: 159) was expressed as a single 
recombinant protein in E. coli. The cDNA for the N-terminal 
portion was obtained by PCR with a cDNA for the full length 
L763P and primers L763F3 (5' CGGCGAATTCATGGAT 
TGGGGGACGCTGC: SEQ ID NO:383) and 1763RV3 (5' 
CGGCCTCGAGTCACCCCTCTATCCGAACCTTCTGC: 
SEQ ID NO:384). The PCR product with expected size was 
recovered from agarose gel, digested with restriction 
enzymes EcoRI and XhoI, and cloned into the corresponding 
sites in the expression vector pCRX1. The sequence for the 
fusion of full-length of Ra12 and L763P-N was confirmed by 
DNA sequencing. The determined cDNA sequence is pro 
vided in SEQID NO:351, with the corresponding amino acid 
sequence being provided in SEQID NO:352). 

B. C-Terminal Portion of L763P 

0864. A fusion protein of full-length Ra12 and the C-ter 
minal portion of L763P (referred to as L763P-C; amino acid 
residues 100-262 of SEQ ID NO: 159) was expressed as a 
single recombinant protein in E. coli. The cDNA of the C-ter 
minal portion of L763P was obtained by PCR with a cDNA 
for the full length of L763P and primers L763F4 (5' CGGC 
GAATTCCACGAACCACTCGCAAGTTCAG: SEQ ID 
NO: 385) and L763RV4 (5' CGGCTCGAG-TTAGCT 
TGGGCCTGTGATTGC: SEQID NO:386). The PCR prod 
uct with expected size was recovered from agarose gel. 
digested with restriction enzymes EcoRI and XhoI, and 
cloned into the corresponding sites in the expression vector 
pCRX1. The sequence for the fusion of full-length Ra12 and 
L763P-C was confirmed by DNA sequencing. The deter 
mined DNA sequence is provided in SEQID NO:353, with 
the corresponding amino acid sequence being provided in 
SEQID NO:354. 
0865 The recombinant proteins described in this example 
are useful for the preparation of vaccines, for antibody thera 
peutics, and for diagnosis of lung tumors. 

Example 12 
EXPRESSION IN E. COL OF L762PHIS TAG 

FUSION PROTEIN 

0866 PCR was performed on the L762P coding region 
with the following primers: 
0867 Forward primer starting at amino acid 32. 

PDM-278 
5'ggagtacagottcaaga caatggg 3" (SEO ID NO : 355) 

Tim 57 o C. 

0868 Reverse primer including natural stop codon after 
amino acid 920, creating EcoRI site 

(SEO ID NO: 356) 
PDM-28O 5'ccatgggaatt cattataataattttgttcc 3." 

TMs so C. 

0869. The PCR product was digested with EcoRI restric 
tion enzyme, gel purified and then cloned into pPDM His, a 
modified pET28 vector with a His tag in frame, which had 
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been digested with Eco72I and EcoRI restriction enzymes. 
The correct construct was confirmed by DNA sequence 
analysis and then transformed into BL21 (DE3) plys S and 
BL21 (DE3) CodonPlus RIL expression hosts. 
0870. The protein sequence of expressed recombinant 
L762P is shown in SEQID NO:357, and the DNA sequence 
is shown in SEQID NO:358. 

Example 13 
EXPRESSION IN E. COL OF A L773PAHIS TAG 

FUSION PROTEIN 

0871. The L773PA coding region (encoding amino acids 
2-71 of SEQ ID NO: 172) was PCR amplified using the 
following primers: 
0872 Forward primer for L773PA starting at amino acid 
2: 

(SEO ID NO: 359) 
PDM-299 5' togcagcc cct cittcttcaagtggc 3' 
Tim838 C. 

0873 Reverse primer for L773PA creating artificial stop 
codon after amino acid 70: 

(SEQ ID NO: 360) 
PDM-355 5" cqc.ca.gaatt catcaaacaaatctgttagcacc 3." 
Times2 o C. 

0874. The resulting PCR product was digested with EcoRI 
restriction enzyme, gel purified and then cloned into pPDM 
His, a modified plT28 vector with a His tag in frame, which 
had been digested with Eco72I and EcoRI restriction 
enzymes. The correct construct was confirmed by DNA 
sequence analysis and transformed into BL21 (DE3) plys S 
and BL21 (DE3) CodonPlus RIL expression hosts. 
0875. The protein sequence of expressed recombinant 
L773PA is shown in SEQID NO:361, and the DNA sequence 
is shown in SEQID NO:362. 

Example 14 
IDENTIFICATION OF EPITOPES DERIVED 
FROM LUNG TUMOR SPECIFIC POLYPEP 

TIDES 

0876. A series of peptides from the L773P amino acid 
sequence (SEQID NO: 172) were synthesized and used in in 
vitro priming experiments to generate peptide-specific CD4T 
cells. These peptides were 20-mers that overlapped by 15 
amino acids and corresponded to amino acids 1-69 of the 
L773P protein. This region has been demonstrated to be 
tumor-specific. Following three in vitro stimulations, CD4T 
cell lines were identified that produced IFNY in response to 
the stimulating peptide but not the control peptide. Some of 
these T cell lines demonstrated recognition of recombinant 
L773P and L773PA (tumor-specific region) proteins. 
0877. To perform the experiments, a total of eleven 20-mer 
peptides (SEQID NO:363,365 and 387–395) overlapping by 
15 amino acids and derived from the N-terminal tumor-spe 
cific region of L773P (corresponding to amino acids 1-69 of 
SEQ ID NO:172) were generated by standard procedures. 
Dendritic cells were derived from PBMC of a normal donor 
using GMCSF and IL-4 by standard protocol. Purified CD4T 
cells were generated from the same donor as the dendritic 
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cells using MACS beads and negative selection of PBMCs. 
Dendritic cells were pulsed overnight with the individual 
20-mer peptides at a concentration of 10 ug/ml. Pulsed den 
dritic cells were washed and plated at 1x10/well of a 96-well 
U-bottom plates, and purified CD4 cells were added at 1x10 
well. Cultures were supplemented with 10 ng/ml IL-6 and 5 
ng/ml IL-12, and incubated at 37° C. Cultures were re-stimu 
lated as above on a weekly basis using as APC dendritic cells 
generated and pulsed as above, Supplemented with 5 ng/ml 
IL-7 and 10 ug/ml IL-2. Following 3 in vitro stimulation 
cycles, cell lines (each corresponding to one well) were tested 
for cytokine production in response to the stimulating peptide 
vs. an irrelevant peptide. 
0878. A small number of individual CD4 T cell lines 
(9/528) demonstrated cytokine release (IFNY) in response to 
the stimulating peptide but not to control peptide. The CD4T 
cell lines that demonstrated specific activity were restimu 
lated on the appropriate L773P peptide and reassayed using 
autologous dendritic cells pulsed with 10 ug/ml of the appro 
priate L773P peptide, an irrelevant control peptide, recombi 
nant L773P protein (amino acids 2-364, made in E. coli), 
recombinant L773PA (amino acids 2-71, made in E. coli), or 
an appropriate control protein (L3E, made in E. coli). Three of 
the nine lines tested (1-3C, 1-6G, and 4-12B) recognized the 
appropriate L773P peptide as well as recombinant L773Pand 
L773PA. Four of the lines tested (4-8A, 4-8E, 4-12D, and 
4-12E) recognized the appropriate L773P peptide only. Two 
of the lines tested (5-6F and 9-3B) demonstrated non-specific 
activity. 
0879 These results demonstrate that the peptide 
sequences MWOPLFFKWLLSCCPGSSQI (amino acids 
1-20 of SEQ ID NO: 172: SEQ ID NO:363) and GSS 
QIAAAASTQPEDDINTQ (amino acids 16-35 of SEQ ID 
NO: 172: SEQ ID NO: 365) may represent naturally pro 
cessed epitopes of L773P, which are capable of stimulating 
human class II MHC-restricted CD4 T cell responses. 
0880. In subsequent studies, the above epitope mapping 
experiment was repeated using a different donor. Again, some 
of the resulting T cell lines were found to respond to peptide 
and recombinant protein. An additional peptide was found to 
be naturally processed. Specifically, purified CD4 cells were 
stimulated on a total of eleven 20-mer peptides overlapping 
by 15 amino acids (SEQ ID NO: 363, 387, 388, 365 and 
389-395, respectively). The priming was carried out as 
described above, except that a peptide concentration of 0.5 
ug/mL rather than 10 ug/mL was employed. In the initial 
screen of the cell lines 9 of the 528 lines released at least a 
three-fold greater level of IFN-gamma with stimulating pep 
tide vs. control peptide. These 9 lines were restimulated on 
the appropriate peptide and then tested on dendritic cells 
pulsed with a titration of appropriate peptide (10 ug/mL, 1 
ug/mL and 0.1 ug/mL), and 10 ug/mL of a control peptide. 
Six of the 9 lines recognized recombinant L773P as well as 
peptide. The six lines referred to as 1-1E, 1-2E. 1-4H, 1-6A, 
1-6G and 2-12B recognized L773PA and the appropriate 
peptide. These results demonstrate that the peptides of SEQ 
ID NO:363 and 387 represent naturally processed epitopes of 
L773P. 

0881. Using the procedures described above, CD4+ T cell 
responses were generated from PBMC of normal donors 
using dendritic cells pulsed with overlapping 20-mer peptides 
(SEQ ID NO: 396-419) spanning the L523S polypeptide 
sequence (SEQ ID NO: 176). A number of CD4+ T cells 
demonstrated reactivity with the priming peptides as well as 
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with L523S recombinant protein, with the dominant reactiv 
ity of these lines being within the peptides 4, 7 and 21 (SEQ 
ID NO: 399, 402 and 416; corresponding to amino acids 
30-39, 60-79 and 200-219, respectively, of SEQID NO: 176). 
0882 Epitopes within the scope of the invention include 
epitopes restricted by other class II MHC molecules. In addi 
tion, variants of the peptide can be produced wherein one or 
more amino acids are altered such that there is no effect on the 
ability of the peptides to bind to MHC molecules, no effect on 
their ability to elicit T cell responses, and no effect on the 
ability of the elicited T cells to recognize recombinant pro 
tein. 

Example 15 

SURFACE EXPRESSION OF LT62P AND ANTI 
BODY EPITOPES THEREOF 

0883 Rabbits were immunized with full-length histidine 
tagged L762P protein generated in E. coli. Sera was isolated 
from rabbits and screened for specific recognition of L762P 
in ELISA assays. One polyclonal serum, referred to as 2692L, 
was identified that specifically recognized recombinant 
L762P protein. The 2692L anti-L762P polyclonal antibodies 
were purified from the serum by affinity purification using 
L762P affinity columns. Although L762P is expressed in a 
Subset of primary lung tumor samples, expression appears to 
be lost in established lung tumor cell lines. Therefore, to 
characterize surface expression of L762P, a retrovirus con 
struct that expresses L762P was used to transduce primary 
human fibroblasts as well as 3 lung tumor cell lines (522-23, 
HTB, and 343T). Transduced lines were selected and 
expanded to examine L762P surface expression by FACS 
analysis. For this analysis, non-transduced and transduced 
cells were harvested using cell dissociation medium, and 
incubated with 10-50 micrograms/ml of either affinity puri 
fied anti-L762P or irrelevant antisera. Following a 30 minute 
incubation on ice, cells were washed and incubated with a 
secondary, FITC conjugated, anti rabbit IgG antibody as 
above. Cells were washed, resuspended in buffer with Pro 
pidium Iodide (PI) and examined by FACS using an Excalibur 
fluorescence activated cell sorter. For FACS analysis, PI 
positive (i.e. dead/permeabilized cells) were excluded. The 
polyclonal anti-L762P sera specifically recognized and 
bound to the surface of L762P-transduced cells but not the 
non-transduced counterparts. These results demonstrate that 
L762P is localized to the cell surface of both fibroblasts as 
well as lung tumor cells. 
0884. To identify the peptide epitopes recognized by 
2692L, an epitope mapping approach was pursued. A series of 
overlapping 19-21 mers (5 amino acid overlap) was synthe 
sized that spanned the C terminal portion of L762P (amino 
acids 481-894 of SEQID NO: 161). In an initial experiment 
peptides were tested in pools. Specific reactivity with the 
L762P antiserum was observed with pools A, B, C, and E. To 
identify the specific peptides recognized by the antiserum, flat 
bottom 96 well microtiter plates were coated with individual 
peptides at 10 microgram/ml for 2 hours at 37° C. Wells were 
then aspirated and blocked with phosphate buffered saline 
containing 5% (w/v) milk for 2 hours at 37° C., and subse 
quently washed in PBS containing 0.1% Tween 20 (PBST). 
Purified rabbit anti-L762P serum 2692L was added at 200 or 
20 ng/well to triplicate wells in PBST and incubated over 
night at room temperature. This was followed by washing 6 
times with PBST and subsequently incubating with HRP 
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conjugated donkey anti rabbit IgG (H+L)Affinipure F(ab') 
fragment at 1:2,000 for 60 minutes. Plates were then washed, 
and incubated in tetramethylbenzidine substrate. Reactions 
were stopped by the addition of 1N sulfuric acid and plates 
were read at 450/570 nm using an ELISA plate reader. 
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peptide BB from pool F. The relevant peptide epitopes are 
summarized in the Table 5 below. The amino acid sequences 
for peptides BB, O, L., I, A and Care provided in SEQID NO: 
376-381, respectively, with the corresponding cDNA 
sequences being provided in SEQID NO:373,370,372,374, 
371 and 375, respectively. 

TABLE 5 

ELISA activity 
(OD 450-57 O) 

Amino 
Nucleotides acids 

of of 
Peptide L762P L762P Sequence pool 2 OO ng 20 ng 

A. 1441 - 15 OO 481 - 5 OO SRISSGTGDIFOOHIOLEST A. 1.76 1. O 

C 1531 - 1590 5.11-53. O KNTWTWDNTWGNDTMFLWTW E O.47 O. 18 

I 1801-1860 6O1-62O AWPPATWEAFWERDSLHFPH B O.25 O. O6 

L 1936-1955 646 - 665 PETGDPWTLRLLDDGAGADW B O 28 O. 12 

O 2O71-213 O 691-710 WNHSPSISTPAHSIPGSHAMIL C 1.1 O. 23 

BB 262 O-2679 874 - 893 LOSAVSNIAQAPLFIPPNSD O. 14 O. 11 

None O. 15 O. OS 

0885. The resulting data, presented in Table 4 below, dem 
onstrates that the L762P antisera recognized at least 6 distinct 
peptide epitopes from the 3' half of L762P. 

TABLE 4 

ELISA activity (OD 450–570 

200 ng 20 ng 
Peptide (starting amino polyclonal polyclonal 
acid of L762P) pool Still Still 

A (481) A. 1.76 1.O 
B (495) A. O.14 O6 
C (511) E O.47 O.18 
D (526) E O.11 O.09 
E (541) A. O.11 O.04 
F (556) A. O.04 O.O2 
G (571) A. O.O6 O.O2 
H (586) B O. O.O3 
(601) B O.25 O.O6 
(616) B O. O.O3 
K (631) E O. O.O8 
L (646) B O.28 O.12 
M (661) B O.14 O.O3 
N (676) C O.12 O.1 
O (691) C 1. O.23 
P (706) C O. O.O3 
Q (721) C O.11 O.OS 
R (736) E O.12 O.04 
S (751) C O.15 O.O6 
U (781) D O.12 O.O6 
V (795) O.O7 O.OS 
X (826) D O. O.O3 
Y (841) D O.17 O.O7 
Z (856) D O16 O.O8 
AA (871) O.17 O.OS 
BB (874) O.14 O.11 
No peptide O.15 O.O45 

0886 Individual peptides were identified from each of the 
pools, and additionally a weak reactivity was identified with 

Example 16 
DETECTION OF ANTIBODIES AGAINST LUNG 

TUMORANTIGENS IN PATIENT SERA 

0887 Antibodies specific for the lung tumor antigens 
L773PA (SEQ ID NO:361), L514S (SEQ ID NO:155 and 
156), L523S (SEQ ID NO:176), L762P (SEQ ID NO:161) 
and L763P (SEQ ID NO:159) were shown to be present in 
effusion fluid or sera of lung cancer patients but not in normal 
donors. More specifically, the presence of antibodies against 
L773PA, L514S, L523S, L762P and L763P in effusion fluid 
obtained from lung cancer patients and in Sera from normal 
donors was detected by ELISA using recombinant proteins 
and HRP-conjugated anti-human Ig. Briefly, each protein 
(100 ng) was coated in 96-well plate at pH 9.5. In parallel, 
BSA (bovine serum albumin) was also coated as a control 
protein. The signals (IS, absorbance measured at 405 nm) 
against BSA (INI) were determined. The results of these 
studies are shown in Table 6, wherein - represents S/N<2: 
+/- represents IS/IND2: ++ represents S/N >3; and +++ 
represents SI/IND5. 

TABLE 6 

Detection of Antibodies Against Lung Tumor Antigens 

LS14S LS23S L762P L763P L773PA 

Effusion 
fluid 

#1 ------ ---- ---- ---- 

#2 +f- ---- +f- 
#3 +f- 
hia +f- ---- +f- +f- 
#5 +f- ------ +f- +f- ---- 
#7 +f- +f- 
#8 ------ ---- 



US 2010/0239615 A1 

TABLE 6-continued 

Detection of Antibodies Against Lung Tumor Antigens 

LS14S LS23S L762P L763P L773PA 

#10 ---- +f- +f- 
#11 +f- ---- --- ---- 
#12 ----- +f- +f- +f- 
#13 +f- +f- 
#14 ------ +f- +f- ---- 
#15 +f- ---- +f- ---- 
#17 +f- +f- 
#18 ---- 
#19 +f- +f- 
#2O +f- +f- +f- +f- 

Normal 
Sea 

0888 Using Western blot analyses, antibodies against 
L523S were found to be present in 3 out of 4 samples of 
effusion fluid from lung cancer patients, with no L523S anti 
bodies being detected in the three samples of normal sera 
tested. 

Example 17 

EXPRESSION IN E. COL OF A L514S HIS TAG 
FUSION PROTEIN 

0889 PCR was performed on the L514S-13160 coding 
region with the following primers: 

(SEQ ID NO: 421) 
Forward primer PDM-278 
5' cacactagtgtc.cgc.gtgg.cggcctac 3." 
Tm 67 o C. 

(SEQ ID NO: 422) 
Reverse primer PDM-280 
5' catgaga attcat cacatgc ccttgaaggcticcc 3." 
TM 66 o C. 

0890. The PCR conditions were as follows: 
0891 10 ul 10x Pfu buffer 
0892 1.0 ul 10 mM dNTPs 
(0893 2.0 ul 10 uM each primer 
(0894 83 ul sterile water 
(0895) 1.5ul Pfu DNA polymerase (Stratagene, LaJolla, 

Calif.) 
0896 50 mg DNA 

0897 96° C. for 2 minutes, 96° C. for 20 seconds, 66° C. 
for 15 seconds, 72° C. for 1 minute with 40 cycles and then 
72° C. for 4 minutes. 

(0898. The PCR product was digested with EcoRI restric 
tion enzyme, gel purified and then cloned into pPDM His, a 
modified pET28 vector with a His tag in frame, which had 
been digested with Eco72I and EcoRI restriction enzymes. 
The correct construct was confirmed by DNA sequence 
analysis and then transformed into BL21 CodonPlus (Strat 
agene, La Jolla, Calif.) cells for expression. 
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0899. The amino acid sequence of expressed recombinant 
L514S is shown in SEQ ID NO:423, and the DNA coding 
region sequence is shown in SEQID NO:424. 

Example 18 
EXPRESSION IN E. COL OF A L523S HIS TAG 

FUSION PROTEIN 

(0900 PCR was performed on the L523S coding region 
with the following primers: 

(SEQ ID NO: 425) 
Forward primer PDM-414 
5' aacaaactgtatat cqgaaacct cagcgaga a 3" 
Tm 62o C. 

(SEQ ID NO: 426) 
Reverse primer PDM-415 
5 ccatagaattic attact tcc.gtc.ttgactgagg 3" 
TM 62o C. 

0901. The PCR conditions were as follows: 
0902 10 ul 10x Pfu buffer 
0903 1.0 ul 10 mM dNTPs 
(0904 2.0 ul 10 uM each primer 
(0905) 83 ul sterile water 
0906 1.5ul Pfu DNA polymerase (Stratagene, LaJolla, 
Calif.) 

0907 50 mg DNA 
0908 96° C. for 2 minutes, 96° C. for 20 seconds, 62°C. 
for 15 seconds, 72°C. for 4 minutes with 40 cycles and then 
72° C. for 4 minutes. 
(0909. The PCR product was digested with EcoRI restric 
tion enzyme, gel purified and then cloned into pPDM His, a 
modified pET28 vector with a His tag in frame, which had 
been digested with Eco72I and EcoRI restriction enzymes. 
The correct construct was confirmed by DNA sequence 
analysis and then transformed into BL21 CodonPlus (Strat 
agene, La Jolla, Calif.) cells for expression. 
0910. The amino acid sequence of expressed recombinant 
L523S is shown in SEQ ID NO:427, and the DNA coding 
region sequence is shown in SEQID NO:428. 

Example 19 
EXPRESSION IN E. COL OF A L762PAHIS TAG 

FUSION PROTEIN 

(0911 PCR was performed on the L762PA coding region 
(L762PA is missing the signal sequence, the C-terminal trans 
membrane domain and the cytoplasmic tail) with the follow 
ing primers: 

(SEO ID NO: 355) 
Forward primer PDM-278 
5'ggagtacagottcaagacaatggg 3" 
Tim 57 o C. 

(SEQ ID NO: 429) 
Reverse primer PDM-279 
5 "ccatggaatt cattatttcaatataagataatct c 3." 
TMs 68 C. 

0912. The PCR conditions were as follows: 
0913 10 ul 10x Pfu buffer 
0914 1.0 ul 10 mM dNTPs 
(0915 2.0 ul 10 uM each primer 
(0916) 83 ul sterile water 
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0917 
Calif.) 

(0918 50 mg DNA 
0919 96° C. for 2 minutes, 96° C. for 20 seconds, 55° C. 
for 15 seconds, 72° C. for 5 minutes with 40 cycles and then 
72° C. for 4 minutes. 
0920. The PCR product was digested with EcoRI restric 
tion enzyme, gel purified and then cloned into pPDM His, a 
modified pET28 vector with a His tag in frame, which had 
been digested with Eco72I and EcoRI restriction enzymes. 
The correct construct was confirmed by DNA sequence 
analysis and then transformed into BL21 plys S (Novagen, 
Madison, Wis.) cells for expression. 
0921. The amino acid sequence of expressed recombinant 
L762PA is shown in SEQID NO:430, and the DNA coding 
region sequence is shown in SEQID NO:431. 

1.5ul Pfu DNA polymerase (Stratagene, LaJolla, 

Example 20 
EXPRESSION IN E. COL OF A L773P HIS TAG 

FUSION PROTEIN 

0922. PCR was performed on the L773P coding region 
with the following primers: 

(SEO ID NO: 359) 
Forward primer PDM-299 
5' tdgcagococt cittcttcaagtggc 3." 
Tim 63 o C. 

(SEQ ID NO: 432) 
Reverse primer PDM-3 OO 
5' cqcctgct coagt cattaat attcatcagaaaatgg 3" 
TM 63 o C. 

0923. The PCR conditions were as follows: 
0924 10 ul 10x Pfu buffer 
0925 1.0 ul 10 mM dNTPs 
0926 2.0 ul 10 uM each primer 
0927 83 ul sterile water 
0928 1.5ul Pfu DNA polymerase (Stratagene, LaJolla, 
Calif.) 

0929 50 mg DNA 
0930 96° C. for 2 minutes, 96° C. for 20 seconds, 63°C. 
for 15 seconds, 72°C. for 2 minutes 15 seconds with 40 cycles 
and then 72° C. for 4 minutes. 
0931. The PCR product was digested with EcoRI restric 
tion enzyme, gel purified and then cloned into pPDM His, a 
modified pET28 vector with a His tag in frame, which had 
been digested with Eco72I and EcoRI restriction enzymes. 
The correct construct was confirmed by DNA sequence 
analysis and then transformed into BL21 plys S (Novagen, 
Madison, Wis.) and BL21 CodonPlus (Stratagene, La Jolla, 
Calif.) cells for expression. 
0932. The amino acid sequence of expressed recombinant 
L773P is shown in SEQ ID NO:433, and the DNA coding 
region sequence is shown in SEQID NO:434. 

Example 21 

CLONING AND SEQUENCING OF A T-CELL 
RECEPTOR CLONE FOR THE LUNG SPECIFIC 

ANTIGEN L762P 

0933 T cell receptor (TCR) alpha and beta chains from a 
CD4 T cell clone specific for the lung specific antigen L762P 
were cloned and sequence. Basically, total mRNA from 
2x10 cells from CTL clone 4H6 was isolated using Trizol 
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reagent and cDNA was synthesized using Ready-to go kits 
(Pharmacia). To determine Valpha and Vbeta sequences of 
this clone, a panel of Valpha and Vbeta subtype specific 
primers was synthesized and used in RT-PCR reactions with 
cDNA generated from each of the clones. The RT-PCR reac 
tions demonstrated that each of the clones expressed a com 
monVbeta sequence that corresponded to the Vbeta8 subfam 
ily and a Valpha sequence that corresponded to the Valpha8 
subfamily. To clone the full TCR alpha and beta chains from 
clone 4H6, primers were designed that spanned the initiator 
and terminator-coding TCR nucleotides. The primers were as 
follows: 
0934 forward primer for TCRValpha85'ggatcc.gcc.gccac 
catgacatccattcgagctgta3 (SEQID NO:435; has a BamHI site 
inserted); 
0935 Kozak reverse primer for TCR Valpha8 (antisense) 
5'gtcgacticagctggaccacagcc.gcag 3' (SEQ ID NO:436; has a 
SalI site inserted plus the TCR alpha constant sequence); 
0936 forward primer for TCRVbeta8 (sense) 5'ggatccgc 
cgccaccatggacticctggaccttctgct 3' (SEQ ID NO:437; has a 
BamHI site inserted); and 
0937 Kozak reverse primer for TCRVbeta 5'gtcgactica 
gaaatcctttcticttgac 3' 
0938 (SEQ ID NO:438; has a SalI site inserted plus the 
TCR beta constant sequence). 
Standard 35 cycle RT-PCR reactions were established using 
the cDNA synthesized from the CTL clone and the above 
primers utilizing the proofreading thermostable polymerase, 
PWO (Roche). The resultant PCR band, about 850 by for 
Valpha and about 950 for Vbeta, was ligated into a PCR blunt 
vector (Invitrogen) and transformed into E. coli. E. coli trans 
formed with plasmids having full-length alpha and beta 
chains were identified. Large Scale preparations of the corre 
sponding plasmids were generated, and these plasmids were 
sequenced. 
0939. The Valpha sequence (SEQID NO:439) was shown 
by nucleotide sequence alignment to be homologous to Val 
pha8.1, while the Vbeta sequence (SEQ ID NO:440) was 
shown by nucleotide sequence alignment to be homologous 
to Vbeta8.2. 

Example 22 
RECOMBINANT EXPRESSION OF FULL 
LENGTHL762PIN MAMMALIAN CELLS 

(0940 Full length L762P cDNA was subcloned into the 
mammalian expression vectors VR1012 and pCEP4 (Invitro 
gen). Both expression vectors had previously been modified 
to contain a FLAG epitope tag. These constructs were trans 
fected into HEK293 and CHL-1 cells (ATCC) using Lipo 
fectamine 2000 reagent (Gibco). Briefly, both the HEK and 
CHL-1 cells were plated at a density of 100,000 cells/ml in 
DMEM (Gibco) containing 10% FBS (Hyclone) and grown 
overnight. The following day, 4 ul of Lipofectamine 2000 was 
added to 100 ul of DMEM containing no FBS and incubated 
for 5 minutes at room temperature. The Lipofectamine/ 
DMEM mixture was then added to 1 lug of L762P Flag? 
pCEP4 or L762P Flag/VR1012 plasmid DNA resuspended in 
100 ul DMEM and incubated for 15 minutes at room tem 
perature. The Lipofectamine/DNA mix was then added to the 
HEK293 and CHL-1 cells and incubated for 48-72 hours at 
37° C. with 7% CO. Cells were rinsed with PBS, then col 
lected and pelleted by centrifugation. L672P expression was 
detected in the transfected HEK293 and CHL-1 cell lysates 
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by Western blot analysis and was detected on the surface of 
transfected HEK cells by flow cytometry analysis. 
0941 For Western blot analysis, whole cell lysates were 
generated by incubating the cells in Triton-X100 containing 
lysis buffer for 30 minutes on ice. Lysates were then cleared 
by centrifugation at 10,000 rpm for 5 minutes at 4° C. 
Samples were diluted with SDS-PAGE loading buffer con 
taining beta-mercaptoethanol, then boiled for 10 minutes 
prior to loading the SDS-PAGE gel. The protein was trans 
ferred to nitrocellulose and probed using 1 lug/ml purified 
anti-L762P rabbit polyclonal sera (lot #690/73) or non-di 
luted anti-L762P mAb 153.20.1 supernatant. Blots were 
revealed using either goat anti-rabbit Ig coupled to HRP or 
goat anti-mouse Ig coupled to HRP followed by incubation in 
ECL substrate. 
0942 For flow cytometric analysis, cells were washed fur 
ther with ice cold staining buffer (PBS+1% BSA+Azide). 
Next, the cells were incubated for 30 minutes on ice with 10 
ug/ml of purified anti-L762P polyclonal sera (lot #690/73) or 
a 1:2 dilution of anti-L762P mab 153.20.1 Supernatant. The 
cells were washed 3 times with staining buffer and then incu 
bated with a 1:100 dilution of goat anti-rabbit Ig(H+L)-FITC 
or goat anti-mouse Ig(H+L)-FITC reagent (Southern Bio 
technology) for 30 minutes on ice. After 3 washes, the cells 
were resuspended in staining buffer containing propidium 
iodide (PI), a vital stain that allows for the exclusion of 
permeable cells, and analyzed by flow cytometry. 

Example 23 

GENERATION OF POLYCLONAL ANTIBODIES 
TOLUNG TUMORANTIGENS 

(0943. Three lung antigens, L523S (SEQ ID NO:176), 
L763P (SEQID NO:159) and L763 peptide #2684 (SEQ ID 
NO:441), were expressed and purified for use in antibody 
generation. 
(0944 L523S and L763P were expressed in an E. coli 
recombinant expression system and grown overnight in LB 
Broth with the appropriate antibiotics at 37° C. in a shaking 
incubator. The next morning, 10 ml of the overnight culture 
was added to 500 ml of 2xYT with the appropriate antibiotics 
in a 2L-baffled Erlenmeyer flask. When the optical density of 
the culture reached 0.4–0.6 at 560 nanometers, the cells were 
induced with IPTG (1 mM). Four hours after induction with 
IPTG, the cells were harvested by centrifugation. 
(0945. The cells were then washed with phosphate buffered 
saline and centrifuged again. The Supernatant was discarded 
and the cells were either frozen for future use or immediately 
processed. Twenty milliliters of lysis buffer was added to the 
cell pellets and vortexed. To break open the E. coli cells, this 
mixture was then run through a french press at a pressure of 
16,000 psi. The cells were then centrifuged again and the 
supernatant and pellet were checked by SDS-PAGE for the 
partitioning of the recombinant protein. 
0946 For proteins that localized to the cell pellet, the 
pellet was resuspended in 10 mM Tris pH 8.0, 1% CHAPS 
and the inclusion body pellet was washed and centrifuged 
again. This procedure was repeated twice more. The washed 
inclusion body pellet was solubilized with either 8Murea or 
6Mguanidine HC1 containing 10 mM Tris pH 8.0 plus 10 mM 
imidazole. The solubilized protein was added to 5 ml of 
nickel-chelate resin (Qiagen) and incubated for 45 minutes to 
1 hour at room temperature with continuous agitation. 
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0947. After incubation, the resin and protein mixture was 
poured through a disposable column and the flow through was 
collected. The column was then washed with 10-20 column 
volumes of the solubilization buffer. The antigen was then 
eluted from the column using 8M urea, 10 mM Tris pH 8.0 
and 300 mM imidazole and collected in 3 ml fractions. A 
SDS-PAGE gel was run to determine which fractions to pool 
for further purification. 
0948. As a final purification step, a strong anion exchange 
resin, in this case Hi-Prep Q (Biorad), was equilibrated with 
the appropriate buffer and the pooled fractions from above 
were loaded onto the column. Each antigen was eluted off the 
column with an increasing salt gradient. Fractions were col 
lected as the column was run and another SDS-PAGE gel was 
run to determine which fractions from the column to pool. 
0949. The pooled fractions were dialyzed against 10 mM 
Tris pH 8.0. The release criteria were purity as determined by 
SDS-PAGE or HPLC, concentration as determined by Lowry 
assay or Amino Acid Analysis, identity as determined by 
amino terminal protein sequence, and endotoxin level was 
determined by the Limulus (LAL) assay. The proteins were 
then put in vials after filtration through a 0.22-micron filter 
and the antigens were frozen until needed for immunization. 
0950 The L763 peptide #2684 was synthesized and con 
jugated to KLH and froze until needed for immunization. 
0951. The polyclonal antisera were generated using 400 
micrograms of each lung antigen combined with 100 micro 
grams of muramyldipeptide (MDP). An equal volume of 
Incomplete Freund's Adjuvant (IFA) was added and then 
mixed and injected subcutaneously (S.C.) into a rabbit. After 
four weeks, the rabbit was S.C. boosted with 200 micrograms 
of antigen mixed with an equal volume of IFA. Thereafter the 
rabbit was I.V. boosted with 100 micrograms of antigen. The 
animal was bled seven days following each boost. The blood 
was then incubated at 4° C. for 12-24 hours followed by 
centrifugation to generate the Sera. 
0952. The polyclonal antisera were characterized using 96 
well plates coated with antigen and incubated with 50 micro 
liters (typically 1 microgram/microliter) of the polyclonal 
antisera at 4°C. for 20 hours. Basically, 250 microliters of 
BSA blocking buffer was added to the wells and incubated at 
room temperature for 2 hours. Plates were washed 6 times 
with PBS/0.1% Tween. The rabbit Sera were diluted in PBS/ 
0.1% Tween/0.1% BSA. 50 microliters of diluted Sera was 
added to each well and incubated at room temperature for 30 
minutes. The plates were washed as described above, and 
then 50 microliters of goat anti-rabbit horseradish peroxidase 
(HRP) at a 1:10000 dilution was added and incubated at room 
temperature for 30 minutes. 
0953. The plates were washed as described above, and 100 
microlliters of TMB Microwell Peroxidase Substrate was 
added to each well. Following a 15-minute incubation in the 
dark at room temperature, the colorimetric reaction was 
stopped with 100 microliters of 1N HSO and read immedi 
ately at 450 nm. All the polyclonal antibodies showed immu 
noreactivity to the appropriate antigen. Tables 7-9 show the 
antibody reactivity of rabbit antisera in serial dilution to the 
three lung antigens, L523S, L763P and L763 peptide #2684. 
The first column shows the antibody dilutions. The columns 
“Pre-immune sera’ indicate ELISA data for two experiments 
using pre-immune sera. These results are averaged in the 
fourth column. The columns “anti-L523S, L763P or #2684' 
indicate ELISA data for two experiments using sera from 
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Example 25 
EXPRESSION IN MEGATERIUM OF A HISTI 
DINE TAG-FREE L523S FUSION PROTEIN 

0956 PCR was performed on the L523S coding region 
with the following primers: 

(SEQ ID NO: 444) 
Forward primer PDM-734 
5' caat caggcatgcacaacaaactgtatat cqgaaac 3." 
Tim 63 o C. 

(SEQ ID NO: 445) 
Reverse primer PDM-735 
5' cqtcaagat citt cattact tcc.gt cittgac 3." 
TM 6 Oc C. 

0957. The PCR conditions were as follows: 
0958 10 ul 10x Pfu buffer 
0959 1.0 ul 10 mM dNTPs 
0960 2.0 ul 10 uM each primer 
0961 83 ul sterile water 
0962) 1.5ul Pfu DNA polymerase (Stratagene, LaJolla, 
Calif.) 

0963 50 mg DNA 
0964 96° C. for 2 minutes, 96° C. for 20 seconds, 62°C. 
for 15 seconds, 72° C. for 4 minute with 40 cycles and then 
72° C. for 4 minutes. 
0965. The PCR product was digested with SphI and BgIII 
restriction enzymes, gel purified and then cloned into pMEG 
3, which had been digested with SphI and BgIII restriction 
enzymes. The correct construct was confirmed by DNA 
sequence analysis and then transformed into Megaterium 
cells for expression. 
0966. The amino acid sequence of expressed recombinant 
L523S is shown in SEQ ID NO:446, and the DNA coding 
region sequence is shown in SEQID NO:447. 

Example 26 
EXPRESSION IN E. COL OF A HISTIDINE TAG 

FREE L523S FUSION PROTEIN 

0967 PCR was performed on the L523S coding region 
with the following primers: 

(SEQ ID NO: 448) 
Forward primer PDM-733 
5' cqtact agcatatgaacaaactgtatat cqgaaac 3." 
Tm 64 o C. 

(SEQ ID NO: 426) 
Reverse primer PDM-415 
5 ccatagaattic attact tcc.gtc.ttgactgagg 3" 
TM 62o C. 

0968. The PCR conditions were as follows: 
0969 10 ul 10x Pfu buffer 
0970) 1.0 ul 10 mM dNTPs 
0971 2.0 ul 10 uM each primer 
0972) 83 ul sterile water 
0973 1.5ul Pfu DNA polymerase (Stratagene, LaJolla, 
Calif.) 

0974 50 mg DNA 
0975 96° C. for 2 minutes, 96° C. for 20 seconds, 62°C. 
for 15 seconds, 72° C. for 4 minute with 40 cycles and then 
72° C. for 4 minutes. 
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0976. The PCR product was digested with Ndel and 
EcoRI restriction enzymes, gel purified and then cloned into 
pPDM, a modified plT28 vector, which had been digested 
with NdeI and EcoRI restriction enzymes. The correct con 
struct was confirmed by DNA sequence analysis and then 
transformed into BLR plys S and HMS 174 plys S cells for 
expression. 
0977. The amino acid sequence of expressed recombinant 
L523S is shown in SEQ ID NO:449, and the DNA coding 
region sequence is shown in SEQID NO:450. 

Example 27 
EPITOPE-ANALYSIS OF L514S AND L523S-SPE 

CIFICANTIBODIES 

0978 Peptides of candidate antigens can be used for the 
evaluation of antibody responses in both preclinical and clini 
cal studies. These data allow one to further confirm the anti 
body response against a certain candidate antigen. 
0979 Protein-based ELISA with and without competitive 
peptides and peptide-based ELISA can be used to evaluate 
these antibody responses. Peptide ELISA is especially useful 
since it can further exclude the false positive of the antibody 
titer observed in protein-based ELISA as well as to provide 
the simplest assay system to test antibody responses to can 
didate antigens. In this example, data was obtained using both 
L514S- and L523S-peptides that show that individual cancer 
patients produce L514S- and L523S-specific antibodies. The 
L514S-specific antibodies recognize primarily the following 
epitope of L514S: 

(SEQ ID NO: 
aa8 6 - 11 O LGKEWRDAKITPEAFEKLGFPAAKE. 

451) 

0980. This epitope is the common epitope in humans. A 
rabbit antibody specific for L514S recognizes two addition 
epitopes of L514S: 

(SEQ ID NO: 452) 
(1) aa21 - 45: KASDGDYYTLAWPMGDWPMDGISWA 

(SEQ ID NO: 453) 
(2) aa121-135: PDRDVNLTHOLNPKWK 

0981. It was further found that the SEQ ID NO:452 is 
common to both L514S isoforms, L514S-13160 and L514S 
13166, whereas the otherepitopes, SEQID NO:451 and SEQ 
ID NO:453, are probably specific to the isoform, L514S 
13160. 
0982. The L523S-specific antibodies recognize primarily 
the following epitope of L523S: 

aa. 44 O - 4 6 O: 

0983. This epitope is the common epitope in humans. A 
rabbit antibody specific for L523S recognizes two other 
epitopes: 

KIAPAEAPDAKVRMVIITGP. (SEO ID NO : 454) 

(SEO ID NO: 455) 
(1) aa156-175 PDGAAQONNNPLQQPRG 

(SEQ ID NO: 456) 
(2) aa326-345: RTITVKGNVETCAKAEEEIM 
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0984. In further studies, it was determined by peptide 
based ELISAs that eight additional epitopes of L523S were 
recognized by L523S-specific antibodies: 

(SEO ID NO: 457) 
(1) aa 40-59 AFWDCPDESWALKAIEALS 

(SEQ ID NO: 458) 
(2) aa80-99; IRKLOIRNIPPHLOWEVLDS 

(SEO ID NO: 459) 
(3) aa160-179: AQONPLOOPRGRRGLGORGS 

(SEQ ID NO: 460) 
(4) aa180-199: DWHRKENAGAAEKSITILST 

(SEQ ID NO: 461) 
(5) aa32O-339: LYNPERTITVKGNVETCAKA 

(SEQ ID NO: 462) 
(6) aa340-359 : EEEIMKKIRESYENDIASMN 

(SEQ ID NO: 463) 
(7) aa370-389 : LNALGLFPPTSGMPPPTSGP 

(SEQ ID NO: 464) 
(8) aa380-399; KIAPAEAPDAKWRMVIITGP 

0985 Out of these, six epitopes are common in both lung 
pleural effusion fluid samples and in Sera of lung patients. Of 
these six, SEQ ID NO:459 and SEQ ID NO:463 have no 
homology to other L523S-family proteins such as IGF-II 
mRNA-binding proteins 1 and 2. Accordingly, this indicates 
that these two peptides can be used as an assay system to 
determine the antibody response to L523S. 

Example 28 

GENERATION OF L523S-SPECIFIC CTL LINES 
USING IN VITRO WHOLE-GENE PRIMING 

0986 To determine if L523S is capable of generating a 
CD8" T cell immune response, CTLs were generated using in 
vitro whole-gene priming methodologies with tumor antigen 
vaccinia infected DC (Yee et al. The Journal of Immunology, 
157(9):4079-86, 1996), human CTL lines were derived that 
specifically recognize autologous fibroblasts transduced with 
the L523S tumor antigen, as determined by interferon 
gamma ELISPOT analysis. Specifically, dendritic cells (DC) 
were differentiated from Percoll-purified monocytes derived 
from PBMC of normal human donors by plastic adherence 
and growing for five days in RPMI medium containing 10% 
human serum, 50 ng/ml human GM-CSF and 30 ng/ml 
human IL-4. Following the five days of culture, the DC were 
infected overnight with a recombinant adenovirus that 
expresses L523S at a multiplicity of infection (M.O.I) of 33, 
66 and 100, and matured overnight by the addition of 2 ug/ml 
CD40 ligand. The virus was then inactivated by gamma irra 
diation. In order to generate a CTL line, autologous PBMC 
were isolated and CD8+ T cells were enriched for by the 
negative selection using magnetic beads conjugated to CD4+, 
CD14+, CD16+, CD19+, CD34+ and CD56+ cells. CD8+ T 
cells specific for L523S were established in round bottom 
96-well plates using 10,000 L523S expressing DCs and 100, 
000 CD8+ T cells per well in RPMI supplemented with 10% 
human serum, 10 ng/ml of IL-6 and 5 ng/ml of IL-12. The 
cultures were restimulated every 7-10 days using autologous 
primary fibroblasts retrovirally transduced with L523S, and 
the costimulatory molecule CD80 in the presence of IL-2. 
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The cells were also stimulated with IFN-gamma to upregulate 
MHC Class I. The media was supplemented with 10U/ml of 
IL-2 at the time of stimulation as well as on days 2 and 5 
following stimulation. Following three stimulation cycles, 
ten L523S specific CD8+ T cell lines were identified using 
interferon-gamma ELISPOT analysis that specifically pro 
duce interferon-gamma when stimulated with the L523S 
tumor antigen-transduced autologous fibroblasts, but not 
with a control antigen. 
0987. One line, 6B1, was cloned using anti-CD3 and 
feeder cells. The clones were tested for specificity on L523S 
transduced fibroblasts. In addition, using a panel of HLA 
mismatched lines transduced with a vector expressing L523S 
and measuring interferon-gamma production by this CTL 
line in an ELISPOT assay, it was determined that this clone 
6B1.4B8 is restricted by HLA-AO201. 
0988 Also using transfected Cos cells, it was shown that 
clone 6B 1.4B8 recognizes Cos cells transfected with 
pcDNA3HLA A0201/L523S in an HLA-restricted and anti 
gen specific manner. 
0989. An epitope mapping study demonstrated the clone 
6B1.4B8 recognizes HLA-A201 LCL loaded with peptide 
pool 3 (a polypeptide corresponding to amino acid positions 
33-59 of L523S. 
0990. A peptide pool breakdown study demonstrated that 
clone 6B 1.4B8 recognizes autologous B-LCL loaded with 
15-mer peptides from amino acid positions 37-55 of L523S, 
TGYAFVCPDESWALKAIE (SEQ ID NO:465). A further 
peptide breakdown study demonstrated that clone 6B 1.4B8 
recognizes T2 cells loaded with the same 15-mer peptides. 
0991. A peptide recognition study demonstrated that 
clone 6B 1.4B8 prefers T2 cells loaded with the peptide FVD 
CPESWAL (SEQ ID NO:466) which is corresponds to the 
amino acid sequence at positions 41-51 of L523S and is 
encoded by the DNA sequence of SEQID NO:467. 

Example 29 
L523S EXPRESSION IN OTHER HUMAN CAN 

CERS 

0992. It was previously disclosed in Example 2 that L523S 
is expressed in lung cancers including squamous, adenocar 
cinoma and Small cell carcinoma. To further evaluate the 
expression profile of this antigen an electronic express pro 
filing was performed. This was done by searching a L523S 
specific sequence against a public EST database. Results of 
this profiling indicate that L523S may also be present in colon 
adenocarcinomas, prostate adenocarcinomas, CML, AML. 
Burkitt's Lymphoma, brain tumors, retinoblastomas, ovarian 
tumors, teratocarcinomas, uterus myosarcomas, germ cell 
tumors as well as pancreatic and cervical tumor cell lines. 

Example 30 
IMMUNOHISTOCHEMISTRY ANALYSIS OF 

L523S 

0993. In order to determine which tissues express the lung 
tumor antigen L523S, immunohistochemistry (IHC) analysis 
was performed on a diverse range of tissue types. Polyclonal 
antibodies specific for L523S (SEQID NO:176) were gener 
ated as described in Example 23. IHC was performed essen 
tially as described in Example 6. Briefly, tissue samples were 
fixed in formalin solution for 12-24 hours and embedded in 
paraffin before being sliced into 8 micron sections. Steam 
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heat induced epitope retrieval (SHIER) in 0.1 sodium citrate 
buffer (pH 6.0) was used for optimal staining conditions. 
Sections were incubated with 10% serum in PBS for 5 min 
utes. The primary L523S antibody was added to each section 
for 25 minutes followed by a 25 minute incubation with 
anti-rabbit biotinylated antibody. Endogenous peroxidase 
activity was blocked by three 1.5 minute incubations with 
hydrogen peroxidase. Theavidin biotin complex/horse radish 
peroxidase (ABC/HRP) system was used along with DAB 
chromogen to visualize antigen expression. Slides were coun 
terstained with hematoxylinto visualize the cell nuclei. 
0994) IHC analysis of L523S expression revealed that of 
the lung cancer tissues tested over 90% of tissue samples 
demonstrated high over-expression of the lung tumor antigen 
(10/11 adenocaricomas and 8/9 squamous). Of the normal 
tissues tested, all were negative for expression of L523S, with 
the exception of weak staining in normal bronchus, testis, 
liver, and trachea. 

Example 31 
GENERATION AND CHARACTERIZATION OF 
L762 HUMAN MONOCLONAL ANTIBODIES 

0995 Cell supernatants from hybridoma fusions from the 
Xenomouse strain of transgenic mice were screened for abil 
ity to bind to L762P. All results are shown in Table 13. The 
primary screen was to test monoclonal Supernatants for reac 
tivity to L762P by ELISA analysis using recombinant bacte 
rial expressed protein. We next tested the human Supernatants 
for reactivity to surface expressed L762P by whole cell 
ELISA using fluorimetry analysis. Specific reactivity of the 
humab supernatants was confirmed by performing FACS 
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analysis on cells transfected with either an irrelevant plasmid 
or a plasmid expressing L762P. FI/CFI is the relative fold 
increase in fluorescence intensity (FI) of the anti-L762P 
humab primary antibody to irrelevant human primary anti 
body. FI/CFI/A20 is the relative fold increase in fluorescence 
intensity (FI) of the anti-L762P humab primary antibody to 
irrelevant human primary antibody over the FI of the anti 
L762P mouse monoclonal antibody 153A20.1. FI/CFI/R690 
is the relative fold increase in fluorescence intensity (FI) of 
the anti-L762P humab primary antibody to irrelevant human 
primary antibody over the FI of the anti-L762P rabbit poly 
clonal antibody. FACS VRL762 is the percentage of cells 
transfected with plasmid expressing L762P that were positive 
following staining with indicated monoclonal antibody. 
FACSVR(-) is the percentage of cells transfected with irrel 
evant plasmid that were positive following staining with indi 
cated monoclonal antibody. ELISA is the O.D. values of the 
indicated monoclonal antibody to recombinant L762P pro 
tein. The shaded rows in Table 13 indicate those antibodies 
that will be further cloned and characterized. 
0996 For generation of mouse monoclonal antibodies 
153A12.1 and 153A20.1, Balb/c mice were immunized with 
E. coli recombinant L762P protein (amino acid residues 
32-944 of SEQ ID NO:161). The mice were subsequently 
used for splenic B cell fusions to generate anti-L762P hybri 
domas. Two clones: 153A12.1 and 153A20.1 (IgG2a, kappa) 
were grown for antibody production and the Secreted mono 
clonal antibody was purified by passing spent culture Super 
natants over a Protein A-Sepharose column, followed by anti 
body elution using 0.2M glycine, pH 2.3. Purified antibody 
was neutralized by the addition of 1M Tris, pH 8 and buffer 
exchanged into PBS. 

TABLE 13 

Human Monoclonal Antibodies Against L762P 

M-A20 2.88 1.OO 

176 0.51 O.18 

178 1.42 O.49 

179 O.47 O.16 

18O 1.50 0.52 

182 1.45 0.50 

183 O.75 O.26 

185 O.89 O.31 

L762PHumAb | FICFI FI/CFI/A20 | FI/CFI/R690 FACSVRL762 FACS VR(-) ELISA L762/VR1013 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

.245 0.37 O.16 0.11 O.31 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

2.55 O.83 O.60 0.42 
O.32 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

2.81 

is 06 0.5s 0.17 0.80 
O.13 O.12 0.04 2.84 

2.85 O.62 ().57 

0.79 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

1.2 -0.42 -0.14 -0.12 || || 0 | 
13 1.04 0.36 0.30 | | | | 
14 or 0.26 0.22 | | |04 
5 O.19 0.05 13 

in -0.30-00 || 0 | | |0,16 
112 on 0.04 |00 | | |0s 
is soloss |04 || | |0,0s 

114 0.69 0.24 020 | | |013 
115 0.30 00 009 | | |0.08 
1.16 1 4 0.49 04 || | |0.08 
1.17 -0.3 -0.10 -0.09 0.36 
1.18 0.05 0.02 0.01 0.17 
1.19 -0.34 -0.12 -0.10 0.29 
2O 0.84 O.29 O.2 

2 

.22 

2 3 

2 4 

87 

2 5 

2 6 

2 9 

3 O 

3 3 

.3 5 

-0.20 

0.14 

0.37 

0.05 

O.38 

0.24 0.4s 
-006 0.2s 
O.04 O.06 

O.21 O.32 

Sep. 23, 2010 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

R-690 1.84 100 || | | | 
M-A20 2s2 100 | | | | | 
149 0.76027 0.4 0.14 
150 -0.22008 -0.12 0.36 
151 -0.35 -0.12 -0.19 0.4s 

15, 17 06 0.96 42.79 2470 0.89 
1.54 10s 0.38 0.59 | | |0.80 
1.5s lost 0.29 0.44 0.35 
1.56 126 0.4s 0.69 0.30 

.61 O.13 0.04 0.07 O.06 

  



US 2010/0239615 A1 
69 

TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

.74 19.33 0.27 O.21 5.50 ND O.20 

O.31 0.24 

.84 -21.33 -0.30 -0.23 O.06 

186 -1968-02s -0.21 0.06 
0.79 0.59 5.50 O.10 1.25 

0.70 0.53 

0.15 0.11 

Sep. 23, 2010 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

R-690 94.09 1.33 

M-A20 70.64 1.00 
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TABLE 13-continued 

Human Monoclonal Antibodies Against L762P 

18 

-0.05 0.41 
1,147 0.14 oils oos 0.31 
1.14s. 0.09 on 0.03 043 
1,149 0.39 0.49 ous 0.37 

152 ().55 O.69 O.21 O.33 
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TABLE 13-continued 
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Human Monoclonal Antibodies Against L762P 

167 O.32 0.40 O.12 

170 to 1,175 
FI-fluorescence intensity of primary antibody 
CFI-fluorescence intensity of human irrelevant primary antibody, 

for 

A20-mouse anti-L762P monoclonal antibody 
R690-rabbit anti-L762P affinity purified polyclonal antibody 
FACSVRL762-percent positive cells from transient transfection of VR1013/L762 expression plasmid 
FACSVR(-)-percent positive cells from transient transfection of emptyVR1013 expression plasmid 

Example 32 
EPITOPE MAPPING ANDPURIFICATION OF 

HL523S-SPECIFICANTIBODIES 

0997. This Example describes the purification of L523S 
antibodies that can distinguish between human and mouse 
L523S homologs and will likely distinguish between h523S 
and hL523S-family members such as hIMP-1 and hiMP-2. 
0998 L523S (full-length cDNA and amino acid sequence 
set forth in SEQID NO:347 and 348, respectively) is one of 
a family of proteins that includes hIMP-1 and hIMP-2. The 
members of this family of proteins have a high degree of 
similarity one to the other and are also highly similar between 
species. Thus, generating antibodies that specifically recog 
nize human L523S (hL523S) and not other members of the 
protein family in humans or the mouse homologs, has been 
problematic. However, in order to evaluate preclinical and 
clinical L523S DNA/Adenoviral vaccines by detecting the 
protein expression of L523S, human L523S-specific antibod 
ies are critical. 
0999 Polyclonal antibodies specific for hL523S were 
generated as described in Example 23. These antibodies were 

used to map epitopes. The epitope analysis showed 2 particu 
lar peptides of hL523S that were recognized, peptide 16/17 
and peptide 32. 
1000 The amino acid sequences of both hi523S and 
mouse L523S (mL523S) peptide 16/17 and peptide 32 were 
then compared. Peptide 32/33 is identical between hL523S 
and mL523S. However, as the alignment below indicates, 
peptide 16/17 has 5 amino acid differences between the 
human and mouse homologs (underlined). 

hL523S (16/17) (SEQ ID NO: 468) : 
IPDEMAAQQNPLQQPRGRRGLGQR 

mL523S (16/17) (SEQ ID NO: 469) : 
IPDETAAQQNPSPQLRGRRGPGQR 

1001 Moreover, peptide-based ELISAs showed that pep 
tide 17 is specifically recognized by lung cancer patient Sera 
#197. and a homology search of peptide 17 between human 
IMP (hIMP) family members shows that there is little simi 
larity in this region between family members. The h523S 
peptide 17 (and 16/17) has less than 50% similarity to hL523S 
family members such as hMP-1 and hiMP-2. 
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1002 Based upon the epitope mapping of L523S-specific 
antibodies and the data from the homology search, hL523S or 
mL523S peptide 16/17-conjugated ligands were then used to 
purify human or mouse L523S-specific antibodies from rab 
bit polyclonal antibodies generated against hI523S proteinas 
described in Example 23. The data from the antibodies puri 
fied by affinity chromatography using ligands conjugated 
with either hL523S-peptide 16/17 or mL523S-peptide 16/17 
suggested that the affinity of antibodies specific to hL523S 
peptide 16/17 is much higher than that of antibodies to 
mL523S-peptide 16/17 since they bind more strongly to 
hL523S-peptide 16/17 than to mL523S-peptide 16/17. The 
difference in affinity between the purified antibodies to 
human and mouse L523S-peptide 16/17 was confirmed by 
peptide-based ELISA. The antibodies purified by hL523S 
peptide 16/17 selectively bind to human L523S-peptide 
16/17 but bind much less or not at all to mL523S-peptide 
16/17. 
1003. In order to further characterize the original poly 
clonal antibodies and antibodies purified by hi523S-peptide 
16/17, immunoblot analysis was conducted using both 
human lung adenocarcinoma line as a Source of his23S 
protein and mouse whole body embryo (day 17 gestation) as 
the source of mL523S protein. This analysis showed that 
polyclonal antibodies specific for hL523S recognize hi523S 
protein expressed in the tumor cell line as well as mL523S 
protein expressed in whole body embryos of day 17 gestation. 
However, the addition of hL523S peptide 32/33 blocks bind 
ing of antibodies to human and mouse L523S proteins. Thus, 
the crossreactivity of the polyclonal antibodies to mL523S 
protein is due to the existence of antibodies specific to 
hL523S peptide 32/33. In marked contrast, the purified anti 
bodies specific to hL523S peptide 16/17 do not bind mL523S 
protein expressed in mice embryos but do recognize hi523S 
protein expressed in human lung adenocarcinoma cells. 
These data confirm the ELISA data using h523S-peptide 
16/17 and mL523S-peptide 16/17 described above. 
1004 The amino acid sequence of hL523S peptide 16/17 
used to purify the antibodies is about 60-70% similar to that of 
the mL523S-peptide 16/17 which is not recognized by 
hL523S-specificantibodies by Western blot analysis and pep 
tide-based ELISA. The hL523S peptide 16/17 has less than 
50% similarity to hL523S family members such as hIMP-1 
and hlMP-2. Taken together, these data Suggest that it is 
highly probable that the antibodies purified by hi523S pep 
tide 16/17 described herein will also distinguish hL523S pro 
tein from the other h523S family members. 
1005. In summary, antibodies purified with the hL523S 
peptide 16/17 do not recognize the mouse L523S homolog. 
The amino acid sequence of peptide 16/17 between h523S 
family members is less similar than between human and 
mouse L523S. Thus, the hL523S-specific antibodies 
described above can be used to distinguish between human 
and mouse L523S and between members of the hL523S fam 
ily of proteins and can therefore be used for the accurate 
detection of hL523S protein expression in animals and 
humans. 

Example 33 
IN VIVO IMMUNOGENECITY OF LUNG 

TUMORANTIGEN L523 

1006. This example describes two in vivo immunogenicity 
studies to evaluate the vaccination of mice with either an 
adenovirus containing L523 or with L523 naked DNA fol 
lowed by a second immunization with an adenovirus contain 
ing L523. 

Sep. 23, 2010 

1007. The first study involved the immunization of two 
strains of mice with L523 adenovirus. The C57B16 strain of 
mice is homozygous for HLA-type H-2', while strain B6D2 
(F1) is heterozygous for the HLA-type, H-2'. Table 14 
describes the initial immunization strategy employed. 

TABLE 1.4 

Immunization with L523 Adenovirus alone: Experimental Design 

Group Immunization Strain (4/group) 

1 1OPFUAd L523 A CS7BL6 
2 107 PFUAdhrGFPA CS7BL6 
3 1OPFU Ad L523 A B6D2(F1) 
4 107 PFUAdhrGFPA B6D2(F1) 
5 Naive CS7BL6 
6 Naive B6D2(F1) 

PFU = plaque forming unit; 
GFP = green fluorescent protein; 
Ad = adenovirus, 

1008 Mice were immunized intradermally with either 10 
PFU of L523-adenovirus or 107 PFU of an irrelevant aden 
ovirus (hrGFP). Three weeks following immunization, IgG1 
and IgG2a antibody responses to L523 were examined in all 
groups of mice. Briefly, recombinant full length L523 
(rL523) was coated onto ELISA plates and serum, at multiple 
dilutions, was added to the wells. Following a 60-minute 
incubation, the serum was washed from the wells and a sec 
ondary antibody, either specific for an IgG1 or IgG2a was 
added to the plates. Both antibodies were directly conjugated 
to horseradish peroxide (HRP). The levels of L523 antibod 
ies, either IgG1 or IgG2a, were measured in all groups. In the 
C57BL6 mice, little to no L523-specific antibodies were 
detected following immunization. However, in the B6D2(F1) 
strain of mice immunized with L523 adenovirus, both IgG1 
and IgG2a L523-specific antibodies were detected at serum 
dilution as low as /1000. 
1009. In addition to detecting L523-specific antibodies in 
the serum, interferon-gamma (IFN-Y) responses were assayed 
from immune spleen cells following in vitro stimulation with 
rL523 protein. Briefly, spleen cells were harvested from all 
mice groups and cultured for 3 days in 96-well plates. Culture 
conditions included, media alone, 1 or 10 ug/ml of rL523 
protein, or 5ug/ml of concanavalin A (Con A). After 3 days, 
the supernatants were harvested and assayed for IFN-Y levels 
in the Supernatants. 
1010 Immunization with L523-adenovirus, but not an 
irrelevant adenovirus, elicited a strong IFN-Y response from 
the spleen cells which were stimulated with rL523. In gen 
eral, responses were stronger in the B6D2(F1) mouse strain, 
as evidenced by both a higher level of IFN-Y production, as 
well as the fact that stimulation with a lower antigen concen 
tration (1 lug/ml) elicited an equally strong response as seen 
with the higher antigen concentration (10 g/ml). 
1011 Finally, T cell proliferation responses were assayed 
from immune spleen cells by stimulation in vitro with rL523 
protein. Briefly, spleen cells were cultured for 4 days in 
96-well plates with, media alone, 1 or 10 ug/ml of rL523 
protein, or ConA. The cultures were then pulsed with 3H-thy 
midine for the final 8 hours of culture. Results are represented 
as the stimulation index (SI) in the presence of antigen rela 
tive to stimulation with media alone. Results were consistent 
with those obtained in the IFN-y assay. Immunization with 
L523-adenovirus, but not an irrelevant adenovirus, elicited a 
proliferation response in spleen cells stimulated with rL523. 
A strong SI (average of >20) was observed in spleen cells 
harvested from the B6D2(F1) mouse strain, with similar lev 
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els of proliferation observed at both protein concentrations. 
Little or no T cell proliferation was observed in the C57BL6 
mouse strain. 

1012 A second study involved the immunization of two 
strains of mice initially with L523 naked DNA followed by a 
second immunization with L523 adenovirus two weeks later. 
The mice were harvested 3 weeks after the boost. Table 15 
describes the immunization regimen of the second study. 

TABLE 1.5 

Immunization with L523 DNA followed by a second 
immunization with L523-Adenovirus: Experimental Design 

Group Immunization Strain (4 group) 

1 L523 DNA + 10 PFU Ad L523 A CSTBL6 
2 1OPFU Ad L523 A CSTBL6 
3 Irrelevant DNA + 107 PFU AdhrGFPA C57BL6 
4 107 PFU AdhrGFPA CSTBL6 
5 Naive CSTBL6 
6 L523 DNA + 108 PFU Ad L523 A B6D2(F1) 
7 1OPFU Ad L523 A B6D2(F1) 
8 Irrelevant DNA + 107 PFU AdhrGFP A B6D2(F1) 
9 107 PFU AdhrGFPA B6D2(F1) 
10 Naive B6D2(F1) 

PFU = plaque forming unit; 
GFP = green fluorescent protein; 
Ad = adenovirus, 

1013. As described in the first study, strong IgG1 and 
IgG2a antibody responses were observed in B6D2(F1) mice 
following immunization with L523-adenovirus. Immunizing 
with L523 DNA appeared to increase the overall L523-spe 
cific antibody response compared to responses achieved with 
immunization with L523-adenovirus alone. C57BL6 mice 
elicited little or no L523-specific antibody responses follow 
ing immunization with L523-adenovirus, but were some 
slightly positive responses were detected in mice immunized 
with L523 DNA followed by a second immunization with 
L523-adenovirus. 
1014 IFN-Y responses were assayed from immune spleen 

cells by stimulation in vitro with rL523 protein. These results 
confirm those observed in the initial study demonstrating the 
immunogenecity of L523 in animals. The results also suggest 
that initially immunizing the animals with L523 DNA, prior 
to immunization with L523-adeonVirus, does not signifi 
cantly increase the CD4 response. As with the initial study, 
responses appear to be stronger in the B6D2(F1) strain of 
mice than the C57BL6 strain. 
1015. As with the initial study, T cell proliferation 
responses were assayed from immune spleen cells by Stimu 
lation in vitro with rL523 protein. The results from using two 
rounds of immunization are consistent with those obtained 
from the first study. Immunization with L523 DNA prior to a 
second round of immunization with L523-adenovirus did not 
significantly increase the proliferation responses generated in 
the mice. As with the first study, responses were stronger in 
the B6D2(F1) mouse strain than in the C57BL6 strain. 
1016. The difference in HLA types between the two 
strains of mice could explain variations in the extent of the 
immune responses detected. As described above, the C57BL6 
strain is homozygous for H-2', while the B6D2(F1) is het 
erozygous for H-2'. The increased diversity of the B6D2 
(F1) strains HLA type allows for a greater number of epitopes 
derived from the L523 protein to be presented. In this strain, 
epitopes specific for both H-2 and H-2 can be presented, 
while only H-2 epitopes can be presented by the C57BL6 
strain. 
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Example 34 
GENERATION OF MOUSE MONOCLONAL 

ANTIEBODIES TO L523S RECOMBINANT PRO 
TEIN 

1017. This example describes the generation of mouse 
monoclonal antibodies specific for the lung tumor antigen, 
L523S. These data show that L523S is immunogenic and 
Support its use to generate B cell immune responses in vivo. 
Further, the antibodies generated herein can be used in diag 
nostic and passive immunotherapeutic applications. 
1018 Production and purification of proteins used for 
antibody generation: E. coli expressing recombinant L523S 
protein were grown overnight in LB Broth with the appropri 
ate antibiotics at 37° C. in a shaking incubator. The next 
morning, 10 ml of the overnight culture was added to 500 ml 
of 2xYT plus appropriate antibiotics in a 2 L-baffled Erlen 
meyer flask. When the optical density (at 560 nanometers) of 
the culture reached 0.4–0.6, the cells were induced with IPTG 
(1 mM). Four hours after induction with IPTG the cells were 
harvested by centrifugation. The cells were then washed with 
phosphate buffered saline and centrifuged again. The Super 
natant was discarded and the cells were either frozen for 
future use or immediately processed. Twenty milliliters of 
lysis buffer was added to the cell pellets and vortexed. To lyse 
the E. coli cells, this mixture was then run through the French 
Press at a pressure of 16,000 psi. The cells were then centri 
fuged again and the Supernatant and pellet were checked by 
SDS-PAGE for the partitioning of the recombinant protein. 
For proteins that localized to the cell pellet, the pellet was 
resuspended in 10 mM Tris pH 8.0, 1% CHAPS and the 
inclusion body pellet was washed and centrifuged again. This 
procedure was repeated twice more. 
1019. The washed inclusion body pellet was solubilized 
with either 8 Murea or 6 M guanidine HC1 containing 10 mM 
Tris pH 8.0 plus 10 mM imidazole. The solubilized protein 
was added to 5 ml of nickel-chelate resin (Qiagen) and incu 
bated for 45 minto 1 hour at room temperature with continu 
ous agitation. After incubation, the resin and protein mixture 
were poured through a disposable column and the flow 
through was collected. The column was then washed with 
10-20 column volumes of the solubilization buffer. The anti 
gen was then eluted from the column using 8Murea, 10 mM 
Tris pH 8.0 and 300 mM imidazole and collected in 3 ml 
fractions. A SDS-PAGE gel was run to determine which frac 
tions to pool for further purification. As a final purification 
step, a strong anion exchange resin Such as Hi-Prep Q (Bio 
rad) was equilibrated with the appropriate buffer and the 
pooled fractions from above were loaded onto the column. 
Each antigen was eluted off of the column with an increasing 
salt gradient. Fractions were collected as the column was run 
and another SDS-PAGE gel was run to determine which 
fractions from the column to pool. The pooled fractions were 
dialyzed against 10 mM Tris pH 8.0. This material was then 
submitted to Quality Control for final release. The release 
criteria were purity as determined by SDS-PAGE or HPLC, 
concentration as determined by Lowry assay or Amino Acid 
Analysis, identity as determined by amino terminal protein 
sequence, and endotoxin level was determined by the Limu 
lus (LAL) assay. The protein was then vialed after filtration 
through a 0.22-micron filter and the antigens were frozen 
until needed for immunization. 
1020 Togenerate anti-L523S mouse monoclonal antibod 

ies, mice were immunized IP with 50 micrograms of recom 
binant L523S protein that had been mixed to form an emul 
sion with an equal volume of Complete Freund's Adjuvant 
(CFA). Every three weeks animals were injected IP with 50 
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micrograms of recombinant L523S protein that had been 
mixed with an equal volume of IFA to form an emulsion. 
After the fourth injection, spleens were isolated and standard 
hybridoma fusion procedures were used to generate anti 
L523S mouse monoclonal antibodies. 
1021 Anti-L523S monoclonal antibodies were screened 
by ELISA analysis using the bacterially expressed recombi 
nant L523S protein as follows. 96 well plates were coated 
with antigen by incubating with 50 microliters (typically 1 
microgram) at 4° C. for 20 hours. 250 microliters of BSA 
blocking buffer was added to the wells and incubated at RT 
for 2 hours. Plates were washed 6 times with PBS/0.01% 
tween. Fifty microliters of each undiluted monoclonal super 
natant were added per well and incubated at room tempera 
ture for 30 minutes. Plates were washed as described above 
before 50 microliters of goat anti-mouse horse radish peroxi 
dase (HRP) at a 1:10000 dilution was added and incubated at 
RT for 30 minutes. Plates were washed as described above 
and 100 ul of TMB Microwell Peroxidase Substrate was 
added to each well. Following a 15 minutes incubation in the 
dark at room temperature the colorimetric reaction was 
stopped with 100 ul 1N H2504 and read immediately at 450 
nm. A list of the mouse anti-L523S monoclonal antibodies 
that were generated, as well as their reactivity in an ELISA 
assay and Western blot are shown in Table 16. For Western 
blot analysis, recombinant L523S protein was diluted with 
SDS-PAGE loading buffer containing beta-mercaptoethanol, 
then boiled for 10 minutes prior to loading the SDS-PAGE 
gel. Protein was transferred to nitrocellulose and probed with 
each of the anti-L523S hybridoma supernatants. Anti-mouse 
HRP was used to visualize the anti-L523S reactive bands by 
incubation in ECL substrate. 

TABLE 16 

ELISA and Western Blot Analysis of L523S Monoclonal Antibodies 

L523S Mouse Western Blot 
Monoclonal ELISA HPP14 

Supernatant LS23S Irrelevant (Irrelevant LS23S 

213 C3 -- -- ND ND 
213C49 -- -- ND ND 
213C62 -- -- ND ND 
213C69 -- -- 
213C8O -- -- 

ND: not determined 
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1022. The data described in the above example show that 
L523S is immunogenic and can be used to generate B cell 
immune responses in vivo. Further, the antibodies generated 
herein have utility in diagnostic and passive immunothera 
peutic applications. 

Example 35 

L523S-SPECIFICT CELLS AND IDENTIFICA 
TION OF L523S T CELLEPITOPES 

1023 This example describes the identification of specific 
epitopes recognized by L523S antigen-specific T cells. These 
experiments further confirm the immunogenicity of the 
L523S protein and Support its use as a target for vaccine 
and/or other immunotherapeutic approaches. 
1024. A pool of 20-mer peptides, overlapping by 10 amino 
acids, that span the entire amino acid sequence of L523S (full 
length amino acid sequence of L523S provided in SEQ ID 
NO:176) was used in invitro culture with T cells derived from 
normal donor PBMC to expand CD4 and CD8 T cells. Cul 
tures were established from multiple donors and T cell 
responses were monitored following Successive in vitro 
stimulations. L523S-specific T cell responses were detected 
in 4 of 4 normal donors. Given that a number of tumor anti 
gens are identified for each tumor type that are reasonable 
vaccine candidates, this methodology can be used to compare 
the antigen-specific T cell frequency of different antigens. 
1025 T cell lines were generated from normal donor 
PBMCs. The source of T cells was from the CD69 negative 
population of PBMCs that had been precultured for 1-2 days. 
Several different priming conditions were evaluated to iden 
tify the most efficient method. These conditions are summa 
rized in Table 17. In all assays, the T cells were initially 
primed with one of the conditions described in Table 17, plus 
IL-12 for 2-3 days. Il-2 and IL-7 were then added to the 
cultures which were further cultured for one week. The cul 
tures were then restimulated 2 or 3 times with PBMCs pulsed 
with the entire pool of overlapping L523S peptides. The cells 
were collected following the last restimulation and analyzed 
for antigen-specificity using an IFN-y solubilized ELISPOT 
assay. As shown in Table 17, priming cultures with peptide 
pulsed dendritic cells (DCs) was the most effective for gen 
erating antigen-specific T cell lines, either in 96 well or 24 
well plates. 

TABLE 17 

Conditions used to prime donor T cells with L523S overlapping peptides 

Condition: 

A. 

B 
C 
D 

Experiment: 

I 
II 

Peptide-pulsed PMBCsfirradiated (overnight pulse, irradiated 11 
minutes) 
Peptide-pulsed DCsfirradiated (overnight pulse, irradiated 11 minutes) 
Peptide-pulsed PBMCs/fixed (overnight pulse, 30 second PFA fix) 
Peptide-pulsed PBMCs/mitomycin C-treated 30 minutes (overnight 
pulse) 

Assay 
(solubilized 

Condition (type of plate) ELISPOT) T cell 

Prime Simulation 1 Stimulation 2-3 Target Cells response 

A (96U) A (96U) A (24F) D (96U) -- 
B (96U) A (96U) A (24F) D (96U) ------ 
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TABLE 17-continued 

Conditions used to prime donor T cells with L523S overlapping peptides 

III 
IV 

C (96U) 
B (24F) 

C (96U) 
A (24F) 

C (96U) 
A (24F) 

Abreviations: 

96U: 96 well, U-bottomed plates; 
24F: 24 well, flat-bottomed plates. 

1026 Further analysis of the T cell lines generated as 
described above showed that these lines generally recognized 
target cells pulsed with whole protein antigen as well as 
peptides, demonstrating that at least Some of the epitopes 
identified are naturally processed. Additional analysis using 
anti-MHC Class I and Class II antibodies showed that, while 
some of the T cell response was MHC class I restricted (CD8+ 
T cell-mediated), most of the T cell response generated using 
this method was MHC class II restricted, and thus mediated 
by CD4+ T cells. 
1027. Following the generation of the T cell lines using a 
pool of overlapping peptides spanning the entire L523S mol 
ecule, target cells pulsed with pools offewer peptides break 
ing the L523S into smaller regions were then used to further 
map the epitopes recognized by the line generated from 4 
different donors. Table 18 Summarizes the epitope mapping 
analysis using different conditions described in Table 17. The 
amino acid sequences of those pools of overlapping peptides 
that included an epitope (pools 1-6, 14-19, 20-25, 26-30.5, 
31-36, 37-40.5, 41-46.5, and 47-53) are provided in SEQ ID 
NO:470-477. Minimal epitope mapping using T cells from an 
additional donor, D366, demonstrated that peptide #4 (SEQ 
ID NO:470) was recognized in this donor. 

TABLE 1.8 
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generate T cell lines and to map T cell epitopes recognized by 
these lines. Most, but not all, the T cell lines also recognized 
whole protein pulsed target cells suggesting that at least some 
of the epitopes are naturally processed. Furthermore, the 
responses to targets pulsed with pooled or individual peptides 
were equal or higher than those to target cells pulsed with 
whole protein showing that this technique is more sensitive 
for detecting immune responses. Moreover, this technique 
can be used for all individuals, regardless of their HLA type. 
An additional advantage of this approach to evaluating T cell 
responses to lung-specific antigens is responses to E. coli and 
viral antigens is avoided. Given that a number of tumor anti 
gens can be identified for a given tumor type that are attractive 
vaccine candidates, this methodology can be used to compare 
the antigen-specific T cell frequency of different antigens. 
1030 The experiments described above further confirm 
the immunogenicicty of the L523S lung tumor antigen and 
Support its use as a target for vaccine and other immunothera 
peutic approaches. Further, the above experiments identify 
specific epitopes of the L523S protein that may be of particu 
lar importance in the deveolpment of Such approaches. 

Summary of L523S epitope analysis 

Peptide Pool 

Donor-Condition: 1-6 7-13 

D223-IV 
D223-I 
D366-II 
D366-I 
D446-II 
D446-I 
D35 

-- 

-- 

: 

1028. In an additional study, donor D446 was further 
evaluated for T cell responses against 2 other lung-specific 
antigens in addition to L523S. T cell lines were generated and 
epitopes identified from donor D446 using overlapping pep 
tides for all three lung-specific antigens. This experiment 
demonstrated that a single donor can have T cell responses to 
multiple antigens, including L523S. In a related Study, 3 
different donors were analyzed for their T cell response to the 
same lung-specific antigen. All three donors recognized dif 
ferent epitopes of this antigen. Therefore, these data Support 
the use of multiple epitopes from multiple lung tumor anti 
gens, including L523S, in vaccine strategies for lung cancers. 
1029. In summary, a peptide pool of overlapping 20-mer 
peptides spanning the entire L523S protein were used to 

14-19 20-25 26-30.5 31-36 37-40.5 41-46.5 47-53 

Example 36 

VIRAL-MEDIATED DELIVERY OF L523S IN 
VIVO 

1031. This example describes the generation of an illus 
trative adenovirus vector expressing the L523S lung tumor 
antigen. This vector was used in in vivo immunogenicity 
studies, such as those described in Examples 33 and 37. This 
and other viral vectors have utility in DNA-based vaccination 
and/or immunotherapeutic strategies for L523S-associated 
CaCCS. 

1032 A replication defective E1 and E3 deleted human 
adenovirus serotype 5 vector expressing human L523S under 
the control of the CMV promoter was generated using stan 
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dard molecular biology techniques. The cDNA sequence of 
the Adenovirus-L523S vector is set forth in SEQID NO:479. 
The cDNA sequence encoding the full-length L523S protein 
is set forth in SEQID NO:478 with the corresponding amino 
acid sequence set forth in SEQ ID NO:480. Infection of 
human cells with this construct was shown by immunoblot 
analysis to lead to high level expression of the L523S protein. 
1033. The antigenic nature of the adenoviral proteins 
introduced into and produced in the host cell during the 
course of infection act to increase immune Surveillance and 
recognition of L523S as an immunological target. Thus, this 
adenoviral vector expressing high levels of the L523S tumor 
antigen has particular utility in inducing therapeutic or cura 
tive immune responses against endogenous tumor cells 
expressing L523S in lung cancer patients. 

Example 37 
IN VIVO IMMUNOGENECITY OF LUNG 

TUMORANTIGEN L523S 

1034) This Example further validates the use of L523S 
DNA and L523S adenovirus prime/boost regimens in gener 
ating in vivo immune responses to this lung tumor antigen in 
vivo. Further, murine CD4 and CD8 T cell epitopes of human 
L523S are described herein. The results described herein 
provide support for the use of L523S DNA and adenovirus 
prime/boost regimen as a vaccine Strategy for treating L523S 
associated cancers. 
1035. The results demonstrated that the vaccination strat 
egy of immunization with L523S DNA followed by boosting 
with L523S adenovirus elicits strong CD4 and CD8 T cell 
responses as well as antibody responses. These results further 
showed that C57Bl/6 mice elicit a predominately strong CD8 
T cell response, whereas B6D2F1 mice elicit a predominately 
strong CD4 and antibody response to L523S. The CD8 T cell 
epitope was identified as being contained in the region corre 
sponding to animo acids 9-27 (LSENAAPSDLESIFKDAKI: 
set forth in SEQ ID NO:481) of the L523S protein. The 
epitope was fine mapped to the minimal 9-mer, AAPSDLESI, 
set forth in SEQID NO:491. The CD4 epitope(s) were iden 
tified as being contained in the region corresponding to animo 
acids 33-75 (FLVKTGYAFVDCPDESWALKAIEALSGK 
IELHGKPIEVEHSVP; set forth in SEQID NO:482) of the 
L523S protein. Minimal epitopes required for T cell recog 
nition of both the CD4 and CD8 epitopes are currently being 
identified. 
1036. This study involved the immunization of two strains 
of mice initially with L523S naked DNA followed by a sec 
ond immunization with L523S adenovirus (see Example 36) 
two weeks later essentially as described in Example 33. The 
mice were harvested at day 35 post boost. Table 19 describes 
the immunization regimen of the second study. 

TABLE 19 

Immunization with L523 DNA Followed by a Second 
Immunization with L523-Adenovirus: EXperimental Design 

Group Prime (d0) Boost (d.14) Strain (8/group) 

1 100 ug L523S 10 PFUAd L523 A, B6 
DNA, i.m. i.d 

2 100 ug L523S 10 PFUAd L523A, (B6D2) F1 
DNA, i.m. i.d 

3 Naive (B6D2) F1 and B6 

PFU = plaque forming unit; 
Ad = adenovirus, 

*L523S was cloned into the pVAX vector (Invitrogen, Carlsbad, CA) using standard tech 
n1cues, 
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1037 Multiple CD8 and CD4 T cell assays were used to 
determine the in vivo immunogenicity of L523S DNA/aden 
ovirus prime boost strategy and to identify the specific 
epitopes being recognized. 

CD8 T Cell Assays: 
1038 Pools of overlapping 15-mer peptides spanning the 
entire L523S protein were used to directly stimulate spleen 
cells. IFNY producing cells were analyzed by IFNY ELISPOT 
following a 48 hour stimulation. This experiment showed that 
strong CD8T cells specific for L523S peptides 3 and 4 within 
pool 1, corresponding to amino acids 9-27 of the L523S 
protein (LSENAAPSDLESIFKDAKI; set forth in SEQ ID 
NO:481) were present in L523S immunized C57bl/6 mice, 
but not in immunized B6D2F1 mice. The epitope was fine 
mapped to the minimal 9-mer, AAPSDLESI, set forth in SEQ 
ID NO:491. Spleen cells stimulated for 6 hours with pools of 
overlapping peptides were analyzed using intracellular 
cytokine (IFNY) staining. Results confirmed that strong CD8 
T cell responses were generated in C57b1/6 mice to L523S 
peptide pool 1 but that no responses to these L523S peptides 
were observed in immunized B6D2F1 mice. Percentages of 
peptide specific IFNY producing CD8 positive T cells in 
immunized C57b1/6 mice ranged from 0.17 to 2.86 (media 
alone controls ranged from 0.02-0.08; naive controls for pep 
tide pool 1 were at 0.06; irrelevant peptide controls ranged 
from 0.04-0.07). Chromium release assays were then carried 
out using spleen cells stimulated for 6 days with L523S trans 
duced tumor cells as effector cells and peptide-pulsed tumor 
cells (F45) or tumor cells (EL-4 or RMA) transduced with 
L523S as targets. Results confirmed that the CD8 T cells 
specific for L523S peptides present in immunized C57b1/6 
mice are functionally lytic. Again, no lytic T cell responses 
were detected against these L523S peptides in B6D2F1 mice. 

CD4 T Cell Assays: 
1039 Direct IFNY ELISPOT assays as described above 
showed that moderate responses were detected in B6D2F1 
mice. CD4 T cells specific for L523S peptides within pools 
3-4, corresponding to amino acids 33-75 of the L523S protein 
FLVKTGYAFVDCPDESWALKAIEALSGK 
IELHGKPIEVEHSVP; set forth in SEQ ID NO:482) are 
present in L523S immunized B6D2F1 mice. No responses 
were detected in immunized C57b1/6 mice to these peptides. 
Intracellular cytokine staining confirmed that IFNY produc 
ing CD4 T cells are present in L523S immunized B6D2F1 
mice. Percentages of peptide specific IFNY producing CD4 
positive T cells in immunized B6D2F1 mice ranged from 0.29 
to 0.5 (media alone controls ranged from 0.01-0.05; naive 
controls for peptide pool 3/4 were at 0.03; irrelevant peptide 
controls ranged from 0.03–0.08). T cell proliferation and IFNY 
production were detected in both C57b1/6 and B6D2F1 mice 
following 3 days in vitro stimulation with L523S protein or 
peptides as shown by standard proliferation and ELISA 
assays. Peptide pools showing reactivity were the same pep 
tides that were detected by IFNY ELISPOT and intracellular 
staining assays. 

Anti-L523S Antibody Responses: 
1040 IgG1 and IgG2a antibody responses to L523S were 
examined in all groups of mice essentially as described in 
Example 33. B6D2F1 mice make strong anti-L523S antibody 
responses following L523S DNA/adenovirus immunization, 
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with the IgG2a response being stronger than the IgG1 
response. Consistent with previous results, C57B1/6 mice 
make little to no anti-L523S antibody response following 
L523S DNA/adenovirus immunization. 
1041. In summary, the results described above further 
validate the use of L523S DNA and adenovirus prime/boost 
regimen as a vaccine strategy. The mouse models described 
above provide systems for determining the efficacy of DNA/ 
adenovirus L523S immunization strategies and the respective 
roles of CD4, CD8, and antibody responses in therapeutic and 
curative immunity to L523S-expressing tumors. Further, the 
above experiments further confirm that L523S is immungenic 
in vivo and thus has utility as a target for vaccine and other 
immunotherapeutic strategies. 

Example 38 

ISOLATION OF APRIMATE HOMOLOGUE OF 
L523S 

1042. This example describes the isolation of the full 
length cDNA and protein sequence of the rhesus macaque 
(Macaca mulata) homologue of the L523S lung tumor anti 
gen. The purpose of this experiment was to identify an animal 
model for the validation of L523S vaccine strategies. 
1043 Four pairs of PCR primers were designed to anneal 

to conserved regions of the L523S cDNA by comparing 
mouse and human L523S sequences. A rhesus monkey pla 
centalibrary was generated using standard techniques and the 
library cDNA was used as template in a standard PCR reac 
tion. Four overlapping amplicons that span the entire L523S 
cDNA were obtained and sequenced (cDNA set forth in SEQ 
ID NO:483; amino acid sequence set forth in SEQ ID 
NO:484). The L523S primate homologue has 99% sequence 
identity to human L523S at the cDNA and amino acid level. 
Thus, this experiment shows that the rhesus macaque pro 
vides an animal model in which to validate L523S vaccine 
Strategies. 

Example 39 

EXPRESSION OF FULL-LENGTH L523S IN 
INSECT CELLSUSINGABACULOVIRUS 

EXPRESSION SYSTEM 

1044. This example describes the expression in insect 
cells of full-length lung cancer antigen L523S, together with 
a C-terminal 10xHis Tag, using a Baculovirus expression 
system. The recombinant protein has utility in the develop 
ment of cancer vaccine, antibody therapeutics and diagnos 
tics for cancers associated with L523S expression. 
1045. Full-length L523S cDNA, together with its Kozak 
consensus sequence and a C-terminal 10xHis Tag (cDNA set 
forth in SEQ ID NO:485, amino acid sequence set forth in 
SEQ ID NO:486), was made by PCR from plasmid PCEP4 
L523S, with primers L523F1 (SEQ ID NO:487) and 
L523RV1, (SEQID NO:488). The purified PCR product was 
cloned into the EcoRI site of the donor plasmid pFastEac1. 
The recombinant donor plasmid, pFBL523, was transformed 
into E. coli strain DH1 OBac (Invitrogen, Carlsbad, Calif.) to 
make recombinant bacmid in E. coli through site-specific 
transposition. The recombinant bacmid DNA was confirmed 
by PCR analysis, and then transfected into Sf-9 insect cells to 
make recombinant baculovirus BVL523. The recombinant 
virus was amplified to high titer viral stock in Sf-9 cells. 
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1046. The High Five insect cell line was used to optimize 
conditions for the protein expression and for the large-scale 
production of the recombinant protein. For the large-scale 
protein expression, High 5 insect cells were infected by the 
recombinant baculovirus at an MOI of 1.0 for 48 hours before 
harvesting. The identity of the protein was confirmed by 
Western blot with an affinity-purified rabbit polyclonal anti 
body against L523S, and by mass spectrometry analysis by 
Capillary LC-ESI-MSMS. For Mass-spectrometry analysis, 
a Capillary column was filled with C18 resin (100 mm i.d., 12 
cm long). Peptides were concentrated on the column and 
eluted by a gradient of 5 to 65% B over 20 min(A: 0.2% acetic 
acid in water, B: 80% acetronitrile in A). Eluted peptides were 
introduced into the ion Trap mass spectrometry (Finnigan, 
Calif.) by electrospray ionization via an electrospray ioniza 
tion interface (Cytopeia, Seattle, Wash.) and analyzed by data 
dependent MS and tandem MS (MS/MS) scans. The collision 
induced dissociation spectra (tandem mass spectra, MS/MS) 
generated during the experiment were searched against 
human protein and L523S protein database using Sequest 
Software to identify possible sequence matches. Using 
Sequest search, 13 peptides from L523S were identified, con 
firming expression of the L523S protein. 

Example 40 
REGRESSION OF L523S-EXPRESSING MURINE 
TUMORS FOLLOWINGVACCINATION WITH 

L523S DNA AND ADENOVIRUS 

1047. This Example shows that T cells specific for L523S 
are capable of mediating tumor regression in vivo. Therefore, 
the data described herein further validate the use of L523S 
DNA and L523S adenovirus prime/boost regimens in gener 
ating in vivo immune responses to this lung tumorantigen and 
provide support for the use of L523S DNA and adenovirus 
prime/boost regimen as a vaccine Strategy for treating L523S 
associated cancers. 
1048. The experiments described below demonstrate in 
vivo efficacy of L523S vaccination in a tumor protection 
model. The data demonstrate that vaccination with a combi 
nation of VR1012-L523S plasmid DNA (VR1012, see: 
1049 Hum Gene Ther 1996 Jun. 20;7(10): 1205-17, Vical 
Incorporated, 9373 Towne Centre Drive, San Diego, Calif.), 
and recombinant L523S adenovirus (see Example 36) in a 
prime/boost format can prevent the progression of L523S 
expressing tumor cells in mice. The results show a statistical 
difference in the rate and size of tumors in L523S-vaccinated 
mice compared to control, naive mice. 
1050 C57Bl/6 mice (12/group) were immunized as out 
lined in Table 20. DNA immunizations were administered 
intramuscularly in the anterior tibialis muscle and adenovirus 
immunizations were administered intradermally at the base 
of the tail. On day 28, 7 naive mice and 8 mice in each of the 
remaining groups were challenged Subcutaneously with 3.0x 
10 EL4-L523S stably transduced tumor cells. Tumor growth 
was monitored every 3-4 days over the course of the next 3 
weeks. The mean tumor size (mm) for each group was mea 
sured at each time point. Prior to the final tumor measurement 
at 21 days post tumor challenge (day 21), four animals were 
sacrificed because their tumors were so large. For these ani 
mals, the missing tumor measurement at day 21 was esti 
mated using the previous (day 18) tumor measurement. In 
addition, 4 mice/group were harvested on day 35 for immu 
nologic analysis. 
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TABLE 20 

Immunization with L523S DNA followed by a second 
immunization with L523S-Adenovirus: Experimental Design 

Primary Immunization Boost 
Group Day 0 Day 14 

1: L523S DNA/L523S 100 ugpVAX-L523S 10 pfu Adenovirus 
Adenovirus LS23S 

2: LS23S DNA 100 ugpVAX-L523S — 
3: L523S Adenovirus — 10 pfu Adenovirus 

LS23S 

4: Naive 

1051 Mean tumor size results for Day 15, Day 18, and 
Day 20 measurements are Summarized in Tables 21, 22, and 
23. Table 24 shows the 95% confidence limits for the differ 
ence between mean tumor measurements on day 20 (experi 
mental group minus naive group). The results showed that the 
development of tumor in all of the groups including both 
immunized and naive mice appeared to be quite similar until 
day 10. At that time, the tumor growth in the immunized mice 
remained constant or regressed slightly whereas the growth of 
the tumor in naive mice continued to progress rapidly. In 
order to confirm that these observations were significant, a 
statistical analysis was performed as follows. A repeated 
measures analysis of variance (ANOVA) model, including 
terms for treatment group, animal within treatment group and 
time (day post challenge) was used to analyze the tumor 
measurement data. If the treatment group X time interaction 
was statistically significant, separate ANOVAs were done for 
each treatment group and for each time. At each time point, 
each experimental group (Adeno--DNA, Adeno Alone, DNA 
Alone) was compared to the control group (Naive) using 
Dunnett's t-tests. A 0.05 level of significance was used for all 
analyses. 
1052. The statistical analysis showed that there was a sig 
nificant (p<0.0001) interaction between treatment group and 
time. Therefore, at each time point an ANOVA was performed 
to compare the treatment groups in terms of meantumor size. 
The treatment groups were not significantly different at either 
day 7 (p=0.287) or day 11 post challenge (p=0.570). How 
ever, there were significant differences among the treatment 
groups at the remaining time points (Tables 21-23). The 
results of this analysis clearly indicate a statistically signifi 
cant difference in tumor growth between the immunized ani 
mals and the naive animals particularly at the latest time point 
(day 20). 

TABLE 21 

Day 15 Tumor Measurements 

Group N Mean Standard Deviation 

Adeno + DNA 8 57.4 25.74% 
Adeno alone 8 49.04 27.99% 
DNA Alone 8 67.49 2010 
Naive 7 100.24 37.21 

* Significantly different from naive group at 0.05 level. 
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TABLE 22 

Day 18 Tumor Measurements 

Group N Mean Standard Deviation 

Adeno + DNA 8 59.69 50.58 
Adeno alone 8 39.37 36.46 
DNA Alone 8 64.18 36.95 
Naive 7 121.3 66.9 

*Significantly different from naive group at 0.05 level. 

TABLE 23 

Day 20 Tumor Measurements 

Group N Mean Standard Deviation 

Adeno + DNA 8 63.57 56.878 
Adeno alone 8 56.48 59.94: 
DNA Alone 8 66.3 46.79* 
Naive 7 140.25 53.53 

*Significantly different from naive group at 0.05 level. 

TABLE 24 

95% Confidence Limits for Day 20 Tumor Measurements 

Difference Between 95% Confidence 
Comparison (8S Limits 

DNA Alone - Naive -73.95 (-143.96, -3.93)* 
Adeno + DNA - Naive -76.68 (-146.7, -6.67)* 
Adeno Alone - Naive -83.77 (-153.79, -13.76)* 

*Comparison significant at 0.05 level. 

1053. In conclusion, the data clearly indicate that T cells 
specific for L523S are capable of recognizing and lysing 
L523S-expressing tumor cell lines in vitro (see Example 37) 
and that such T cells are capable of mediating tumor regres 
sion in viva Therefore, these data provide support for the use 
of L523S DNA and adenovirus prime/boost regimen as a 
vaccine strategy for treating L523S-associated cancers. 

Example 41 
GENERATION OF L514S-SPECIFIC CYTOTOXIC 
T LYMPHOCYTES (CTL) BY IN VITRO PRIM 
ING AND IDENTIFICATION OF ACTL EPITOPE 

1054. This example describes the generation of L514S 
specific CD8+ T lymphocytes from a normal donor and iden 
tification of an L514S CTL epitope. L514S is a lung tumor 
antigen that is preferentially expressed in non Small cell lung 
carcinomas. These experiments further confirm the immuno 
genicity of the L514S protein and Support its use as a target for 
vaccine and/or other immunotherapeutic approaches. Fur 
ther, this experiment identifies an illustrative T cell epitope 
that can be used in vaccine and immunotherapeutic strategies. 
1055 Autologous dendritic cells were differentiated from 
Percoll-purified monocytes using GM-CSF (50 ng/ml) and 
IL-4 (30 ng/ml). Following 5 days of culture, the dendritic 
cells were infected with recombinant L514S-adenovirus at an 
MOI of 20. After infection, the DC were matured with the 
addition of 2 ug/ml CD40L (trimer). CD8+ cells were 
enriched for by the depletion of CD4 and CD14-positive cells. 
Priming cultures were initiated in individual wells of six 
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96-well plates with IL-6 and IL-12. These cultures were 
restimulated in the presence of IL-2 using autologous fibro 
blasts treated with IFN-Y and transduced with L514S and 
CD80. Following 3 restimulation cycles, the presence of 
L514S-specific CTL activity was assessed in IFN-y ELISPOT 
assays using as APC IFN-Y treated autologous fibroblasts 
transduced to express either L514S or the irrelevant antigen 
L552S. Of approximately 576 lines, 8 lines were identified 
that appeared to specifically recognize L514.S. Lines 2-4A, 
3-12E, and 5-3C were cloned using anti-CD3 and feeder 
cells. The clones were tested for specificity on L514S-trans 
duced fibroblasts. In the antibody blocking assay, the fibro 
blasts transduced with L514S were pre-treated for 30 minutes 
with the antibody blockers and the final concentration was 50 
ug/mL once the T cells were added. In the HLA-mismatch 
assay, the panel of DCs was infected with either adenovirus 
L514 or a control adenovirus at an MOI of 10. This infection 
went for 48 hours before they were assayed by ELISPOT 
assay. 
1056 To generate CTL, autologous dendritic cells were 
infected with a recombinant adenovirus that expresses 
L514.S. Purified CD8 T cells were stimulated by these 
infected DCs and then restimulated weekly using autologous 
fibroblasts expressing L514S and the costimulatory molecule 
CD80 in the presence of IL-2. Eight microcultures were iden 
tified that specifically recognize target cells expressing 
L514S but not control antigen using ELISPOT analysis. All 8 
lines were restimulated and confirmed by ELISPOT to be 
specific for L514S. At the same time, three of the lines were 
cloned. These lines are referred to as 2-4A, 3-12E, and 5-3C. 
L514S-specific clones were obtained from all three lines. 50 
specific clones were obtained from Line 2-4A, 11 specific 
clones were obtained from line 3-12E, and 17 specific clones 
were obtained from line 5-3C. 
1057 Clones from each line were tested in an antibody 
blocking assay to determine their HLA restriction. All of the 
clones tested appear to be HLA-B/C restricted. Additional 
experiments using a panel of adenovirus-L514S and adenovi 
rus control infected DCs that matched at certain HLA alleles 
showed that these clones are restricted by HLA*B4403. 
1058. In order to map the epitopes being recognized by 
these clones, clone 6 from line 2-4A and clone 1 from line 
3-12E were further tested against autologous PBMC pulsed 
with 20-mer L514S peptides overlapping by 15 amino acids 
that span the entire L514S protein. Both clones recognize 
peptide 28. To fine map the minimal epitope, Smaller peptides 
from peptide 28 were made and the 10-mer minimal epitope 
was identified as peptide 10 (set forth in SEQID NO:490; the 
cDNA encoding this epitope is set forth in SEQID NO:489). 
1059. In conclusion, these data confirm the immunogenic 

ity of L514S as a T cell antigen as well as its suitability as a 
component of a lung cancer vaccine. Further, the above 
experiments identify a specific epitope of the L514S protein 
that may be of particular importance in the development of 
Such vaccines. 

Example 42 
IDENTIFICATION OF ANTIBODIES RECOGNIZ 
ING TUMOR ASSOCIATED ANTIGEN NY-ESO-1 
PEPTIDE SPECIFIC ANTIGENIC EPITOPES IN 
BIOLOGICAL SAMPLES FROMPATIENTS 

WITH LUNG CANCER 

1060. This example describes the detection of antibodies 
specific for the lung tumor antigen, NY-ESO-1 in patient 
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serum and lung pleural effusion fluid using a peptide-array 
assay. Further, specific epitopes recognized by these patient 
antibodies were identified. These data validate the use of this 
peptide-array assay in diagnostic applications. 
1061. The peptide-array screening method described in 
further detail below was used to characterize a patient’s anti 
bodies against one or more TA-antigens based on antibody 
specificity, sensitivity (intensity) and clonality. This method 
was validated by specifically detecting the presence of anti 
bodies recognizing the tumor-associated antigen (TA-anti 
gen) referred to as NY-ESO-1 (Proc Natl AcadSci USA 1997 
Mar. 4: 94(5):1914-8) in lung cancer patient serum and pleu 
ral effusion fluid samples. 
1062. In a first study, using Western transfer and immuno 
blot analysis, serum and lung pleural effusion fluid samples 
were evaluated for the presence of antibodies recognizing 
recombinant NY-ESO-1. Briefly, samples from patient num 
bers 205, 208 and 12 were screened by Western transfer and 
immunoblot analysis using recombinant NY-ESO-1 protein 
prepared from an E. coli host cell expression system. The 
patient serum samples contained antibodies that clearly rec 
ognized recombinant NY-ESO-1 6xhis-tagged fusion protein 
(approximately 20 kDa in size), however, the presence of 
antibodies recognizing a number of E. coli host cell proteins 
contained in this preparation of recombinant NY-ESO-1 were 
also detected. 

1063. In order to further characterize a patient's 
NY-ESO-1 specific antibodies, a series of overlapping pep 
tides 20 amino acids in length, corresponding to the entire 
sequence of NY-ESO-1, were synthesized and dispensed 
(displayed) into individual wells of a multiwell plate. Sera or 
lung pleural effusion samples were then added to each well 
containing an NY-ESO-1 peptide, negative control wells 
included buffer alone or peptides unrelated to TA-antigen 
NY-ESO-1. An ELISA was used to detect signal correspond 
ing to the presence of specific antibodies recognizing one or 
more NY-ESO-1 antigenic epitopes. In this study, the serum 
sample obtained from patient sample 205 was shown to con 
tain antibodies capable of detecting an NY-ESO-1 antigenic 
epitope contained in peptide number 2, corresponding to 
amino acid sequence STGDADGPGGPGIPDGPGGN (SEQ 
ID NO:492); antibodies contained in patient sample number 
208 detected peptide number 3, corresponding to amino acid 
sequence PGIPDGPGGNAGGPGEAGAT (SEQ ID 
NO:493), peptide number 10, corresponding to amino acid 
sequence YLAMPFATPMEAELARRSLA (SEQ ID 
NO:494), peptide number 5, corresponding to amino acid 
sequence GGRGPRGAGAARASGPGGGA (SEQ ID 
NO:496) and lower levels of peptide number 2; patient 
sample number 12 recognized peptides 2 and 10; patient 
sample number 57 recognized peptide numbers 2, 5, 10, and 
17 corresponding to amino acid sequence WITQCFLPV 
FLAQPPSGQRR (SEQ ID NO:495). 
1064 Since a number of peptide specific epitopes may be 
detected by a sample obtained from a single patient, the 
peptide-array method disclosed herein is also used to evaluate 
the clonality of a patient's antibody repertoire recognizing a 
particular TA-antigen. For example, patient sample 205 
appears to be monoclonal in its recognition profile, while 
patient sample numbers 12 and 208 appear to be polyclonal in 
their recognition pattern. The clonality of a patient's antibody 
repertoire may be used to monitor or otherwise further char 



US 2010/0239615 A1 

acterize a patient's specific immune response and to evaluate 
the implications for the progression of a cancer, such as a lung 
cancer, in a patient. 
1065. In further experiments, Western transfer and immu 
noblot analysis was used to confirm that a patient's antibodies 
recognizing a NY-ESO-1 peptide epitope could also detect 
full-length recombinant NY-ESO-1. The data from these 
experiments clearly indicate that patient sample numbers 205 
and 12 also detect a full-length recombinant NY-ESO-1 pro 
tein. The NY-ESO-1 signal so detected was shown to be 
specific, as it was competed away when immunoblots were 
probed with patient sample 205 plus peptide 2, or when 
patient sample 12 was used in the presence of peptides 2 and 
10. Non-specific signal was not competed away in the pres 
ence of any NY-ESO-1 peptide. 
1066 Peptides detected according to this procedure were 
used to search the GenBank protein database for homology 
with other proteins. Such a search indicate that NY-ESO-1 
peptides 2 and 3 are 100% homologous, peptides 5 and 17 are 
95% homologous, and peptide 10 is 60% homologous to 
LAGE-1a, a member of the NY-ESO-1 protein family. 
1067. In conclusion, the data described in this example 
validate the peptide-array assay by specifically detecting anti 
bodies specific for NY-ESO-1 in lung cancer patients. Fur 
ther, specific epitopes recognized by these patient antibodies 
were described. The disclosed peptide-array screening 
method has been shown to eliminate detection of non-specific 
antibodies that may be present in a biological sample derived 
from a patient, thereby ensuring a high degree of sensitivity 
and specificity. Peptide-array screening may be used to evalu 
ate the clonality of a patient's antibody repertoire recognizing 
one or more TA-antigens, and may be useful in a variety of 
diagnostic, prognostic and/or therapeutic methods for lung 
cancer. Further, the specific epitopes described herein can 
also be used in diagnostic, prognostic and/or therapeutic 
methods for lung cancer. 

Example 43 
IDENTIFICATION OF PATIENT ANTIBODIES 

RECOGNIZING SPECIFICANTIGENIC PEPTIDE 
EPITOPES OF THE LUNG TUMIOR ASSOCI 

ATED ANTIGEN L523S 

1068 This example describes the detection of antibodies 
specific for the lung tumor antigen, L523S, in lung cancer 
patient serum and lung pleural effusion fluid. Further, specific 
epitopes recognized by these patient antibodies were identi 
fied. Additionally, patient antibodies were shown to crossre 
act with proteins in the IMP family related to L523S. These 
data confirm that L523S is immunogenic and Support its use 
to generate B cell immune responses in vivo. Further, specific 
peptide epitopes that can be used in Such approaches were 
identified. Additionally, the peptide-array assay described 
herein can be used in diagnostic applications for L523S alone 
or in combination with other lung tumor antigens. 
1069. The lung tumor-associated antigen identified in 
Example 2 as L523S (SEQ ID NO:175) was shown to be 
overexpressed in lung cancer tissues including squamous, 
adenocarcinoma and Small cell carcinoma. Recombinant 
6xhis-tagged L523S polypeptide (SEQ ID NO:427) was 
expressed, purified and used in an ELISA to evaluate serum 
samples obtained from patients with lung cancer for the pres 
ence of antibodies recognizing a full-length L523S polypep 
tide. The ELISA results indicate that serum samples from 
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patient numbers 27, 55, 66, and 67 possess antibodies capable 
of recognizing recombinant L523S. The same patient serum 
samples were also used in Western transfer (immunoblot) 
analysis of recombinant L523S 6xhis-tagged fusion protein. 
The serum samples evaluated were shown to contain specific 
antibodies capable of detecting recombinant full-length 
L523S (approximately 70 kDa) but also contained non-spe 
cific antibodies recognizing a number of E. coli proteins that 
were also present. Similar results were seen using sample 
number 659-99. Sample 55 also contained antibodies that 
recognized the known lung tumor antigen, NY-ESO-1. 
1070 The non-specific detection of E. coli proteins is 
unwanted and was eliminated by developing a tumor associ 
ated (TA)-antigen specific peptide-array Screening method, 
which is designed to span the entire length of the TA-antigen 
being evaluated, e.g., L523S. To do this, an array of peptides, 
representing a series of consecutive overlapping peptides (20 
amino acids in length and overlapping by 10 amino acids) 
covering the entire length of L5325 were synthesized. Each 
peptide was dispersed into individual wells of a multiwell 
plate and incubated with a serum sample obtained from lung 
cancer patients. An ELISA was used to detect the presence of 
antibodies recognizing a specific L523S peptide. The results 
from this analysis clearly indicated that antibodies contained 
in serum samples obtained from numerous lung cancer 
patients recognize L523S peptides as described further below 
and summarized in Table 25. 

1071 Antibodies contained in sera from patient 27 recog 
nize peptide number 42 (amino acid sequence KIAPAEAP 
DAKVRMVIITGP) (SEQID NO:497 and SEQID NO:548), 
corresponding to amino acids 440-459 of lung TA-antigen 
L523S (SEQID NO:348). Additionally, competitive Western 
transfer and immunoblot analysis was then used to further 
characterize recognition of recombinant L523S by antibodies 
contained in patient serum samples 27 and 659-99. To do this, 
immunoblots were probed with the serum sample obtained 
from patient number 27 in the presence and absence of L523S 
peptide 42. The results indicate that peptide number 42 
blocked detection of recombinant L523S by antibodies 
present in samples 27 and 659-99. Non-specific detection of 
E. coli proteins was not competed in the presence of L523S 
peptide 42. 
1072. Additional sera samples from lung cancer patients 
as well as normal donors were also evaluated by peptide-array 
analysis. In this study, patient sample 13 was also shown to 
contain antibodies recognizing L523S peptide number 42. 
Patient sample number 36 recognized peptides 5 (SEQ ID 
NO:508), 9 (SEQID NO:512) and to a lesser degree peptides 
26, 33 and 52 (SEQID NOS:529,537, and 559, respectively). 
The serum sample obtained from patient 197 contained anti 
bodies strongly recognizing peptide 17 (SEQ ID NO:520), 
while peptides 13 (SEQID NO:516), 22 (SEQID NO:525) 
and 52 (SEQ ID NO:559) were detected to a lesser degree. 
Antibodies contained in lung pleural effusion fluid from 
patient sample number 10 recognized L523S peptide 15 
(SEQ ID NO:518), 41 (SEQ ID NO:547), 42 (SEQ ID 
NO:548), 43 (SEQ ID NO:549) and 53 (SEQ ID NO:560). 
Lung pleural effusion fluid from patient 14 detected L523S 
peptide number 38 (SEQID NO:542). Lung pleural effusion 
fluid patient sample number 15 detected L523S peptides 35 
and 53 (SEQID NOS:539 and 560, respectively). Lung pleu 
ral effusion sample 18 detected L523S peptides 42 and 33 
(SEQID NOS:548 and 537, respectively). A composite multi 
TA-antigen peptide-array was used to evaluate the humoral 
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response of patient number GB-56, detecting L523S peptide 
12 (SEQ ID NO:515). Patient samples 208, GB-25, and 
GB-11 showed no reactivity with L523S peptides indicating 
that these samples do not contain L523S-specific antibodies. 
For control samples, serum was obtained from numerous 
normal donors (numbers 174, 365, 293, 17, 438, 445, 11, 
480). All normal donors were negative for L523S-specific 
antibodies except normal donor sample 174 that had very low 
reactivity to peptides 11, 15, 18.33 and 50 (SEQID NOS:514, 
518, 521, 537, and 557, respectively). 
1073. In yet another study, a similar peptide array was 
used to measure the cellular immune response of several 
samples, essentially as described in Example 35. A cellular 
response (T cell) of patient number GB-56 was detected 
against a peptide pool containing L523S peptide numbers 
30.5-35 (SEQ ID NOS:534-539), and another pool that con 
tained peptide numbers 36-40.5 (SEQ ID NOS:540-546). A 
cellular immune response recognizing one or more peptides 
contained in the known lung tumor antigen, NY-ESO-1 was 
also detected. In particular, responses against a peptide pool 
containing peptides 13-17 was detected. A cellular immune 
response of patient GB-41 also detected signal in NY-ESO-1 
peptide pools containing peptides 7-12 and 13-17. 

TABLE 25 

Summary of Antibody Epitopes of L523S 

Sample/Donor # Sample Type L523S peptide Epitope (SEQID NOs) 

27 Serum 42 (SEQID NO: 548), IMP-1 
homologue of peptide 42 (SEQID 
NO:498) 

55 Serum IMP-1 homologue of L523S peptide 32 
(SEQID NO: 502), IMP-2 homologue 
of L523S peptide 32 (SEQID NO: 503) 

66 Serum Not Determined 
67 Serum Not Determined 

659-99 Serum 42 (SEQID NO: 548) 
13 Serum 42 (SEQID NO: 548), IMP-1 

homologue of peptide 42 (SEQID 
NO:498) 

36 Serum 5, 9, 26,33, 52 (SEQID NOs: 508, 
512, 529, 537, and 559, 
respectively) 

197 Serum 17, 13, 22, 52 (SEQID NOs: 520, 516, 
525, and 559, respectively) 

10 LPE 15, 41,42, 43,53 (SEQID NOs: 518, 
547-549, and 560, respectively) 

14 LPE 38 (SEQID NO:542) 
15 LPE 35,53 (SEQ ID NOs: 539 and 560) 
18 LPE 42, 33 (SEQ ID NOs: 548 and 537) 

GB-56 Serum 12 (SEQID NO:515) 
208 None Detected 
GB-25 None Detected 
GB-11 None Detected 
287 Serum 32 (SEQID NO:461), IMP-1 

homologue of L523S peptide 32 (SEQ 
ID NO: 502), IMP-2 homologue of 
L523S peptide 32 (SEQ ID NO: 503) 

290 Serum 32 (SEQID NO:461), IMP-1 
homologue of L523S peptide 32 (SEQ 
ID NO: 502), IMP-2 homologue of 
L523S peptide 32 (SEQ ID NO: 503) 

1074 Analysis of the GenBank protein database revealed 
that the amino acid sequence of L523S (also referred to as 
IMP-3) peptide numbers 32 and 42 share partial homology 
with the corresponding peptides present in the L523S family 
members IMP-1 (SEQ ID NO:500) and IMP-2 (SEQ ID 
NO:501). Patient serum samples 13 and 27, which recognize 
L523S peptide number 42 (SEQ ID NO:548), were also 
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evaluated for their ability to recognize the corresponding 
peptides of IMP-1, corresponding to amino acid sequence 
KIAPPETPDSKVRMVIITGP (SEQ ID NO: 498) and 
IMP-2 corresponding to amino acid sequence KIAPAEGPD 
VSERMVIITGP (SEQ ID NO:499). The data indicate that 
antibodies contained in serum from patient numbers 13 and 
27 do recognize the IMP-1 peptide set forth in SEQ ID 
NO:498, but not the IMP-2 peptide set forth in SEQ ID 
NO:499. 

1075. In another series of experiments, patient serum 
sample 55 was comparatively evaluated for the presence of 
antibodies recognizing L523S peptide numbers 5 (SEQ ID 
NO:508), 9 (SEQID NO:512), 32 (SEQID NO:536) and 42 
(SEQ ID NO:548). Cross reactivity with the corresponding 
partially homologous peptides from IMP-1 and IMP-2 was 
also determined. The data indicate that patient sample 55 did 
not recognize L523S peptides 5, 9 or 42, or the corresponding 
IMP-1 or IMP-2 peptides; no peptide in the array was 
detected by antibodies contained in serum samples obtained 
from normal donors, numbers 232 and 481. In addition, 
patient sample 55 did not recognize L523S peptide number 
32, amino acid sequence LYNPERTITVKGNVETCAKA 
(SEQID NO:536)) but did recognize the corresponding par 
tially homologous IMP-1 peptide corresponding to amino 
acid sequence LYNPERTITVKGAIENCCRA (SEQ ID 
NO:502) and IMP-2 peptide corresponding to amino acids 
sequence LYNPERTITVKGTCEACASA (SEQ ID 
NO:503). Similarly, patient sample numbers 287 and 290 
were shown to contain antibodies that recognize L523S pep 
tide number 32, and which cross-react at higher titer with the 
corresponding IMP-1 and IMP-2 peptides (the IMP-1 peptide 
being recognized more strongly than the IMP-2 peptide). 
1076 Homology search analysis indicates that L523S 
(IMP-3) has an overall amino acid sequence identity to IMP-1 
and IMP-2 of 74% and 64%, respectively. However, in a 
similar analysis, L523S peptide number 3 (amino acid posi 
tions 20-39, SEQ ID NO:506) and peptide 53 (amino acid 
positions 560-579, SEQID NO:560) were shown to be non 
homologous to the corresponding IMP-1 and IMP-2 peptide 
regions. Interestingly, patient Sera were shown to react with 
peptide 53 in an additional study. Homology search indicated 
that peptide 24 of L523S (amino acid positions 230-249 (SEQ 
ID NO:527)) shares significant homology to IMP-1 (80%) 
and IMP-2 (70%). Lung cancer patient antibodies were also 
shown to be reactive with peptide 24 in a separate study. 
Patient sera also reacted against peptide 16 (SEQ ID 
NO:519). In a related study, patient sera was shown to react 
with peptides 34 and 37 (SEQID NOS:538 and 541). 
1077. In conclusion, the data described hereinfurther con 
firms the in vivo immunogenicity of the L523S protein and 
further identifies peptides recognized by patient antibodies. 
These peptides can be used in immunotherapy or diagnostic 
applications for cancers associated with over-expression of 
L523S. The homology between L523S (IMP-3) and the fam 
ily members IMP-1 and IMP-2, along with the cross-reactiv 
ity of antibodies obtained from patient's with lung cancer, 
Suggest that, at least in Some cases, a patient's immune 
response to L523S may cross react with IMP family members 
which are similarly overexpressed in lung tumors relative to 
normal tissue samples. Additionally, peptide-array analysis 
as described herein was used to characterize patient antibody 
responses based on antibody specificity, intensity and clonal 
ity. The identification of antigenic determinants using the 
peptide-array analysis as set forth herein, is useful for a vari 
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ety of diagnostic, prognostic and therapeutic methods for 
lung cancer associated with expression of L523S either alone 
or in combination with other lung tumor antigens. 

Example 44 
GENERATION OF RABBIT POLYCLONAL 

ANTIBODIES AGAINSTL523S AND IDENTIFI 
CATION OF L523S EPITOPES RECOGNIZED BY 

THESE ANTIBODIES 

1078. This example describes the generation of L523S 
specific polyclonal antibodies in rabbits and the identification 
of specific epitopes recognized by these antibodies. 
1079 Polyclonal antibodies were prepared from rabbits 
immunized with recombinant L523S using techniques known 
in the art and analyzed by peptide-array for the presence of 
antibodies recognizing specific TA-antigen L523S antigenic 
epitopes. Polyclonal antibodies were L523S-affinity purified 
from rabbit serum and incubated with an L523S peptide-array 
as described in Example 43. Specific rabbit antibodies con 
tained in this polyclonal serum sample strongly recognized 
peptide 32 (SEQ ID NO:536), moderately recognized pep 
tides 16 and 17 (SEQ ID NOS:519 and 520), and to a lesser 
extent recognized peptides 2, 23, 24, 33, 49 and 53 (SEQID 
NOs:505,526,527, 537,556, and 560). 

Example 45 
IN VIVO GENERATION OF MOUSE POLY 

CLONAL ANTIEBODIES AGAINSTL523S USING 
A DNAIADENOVIRUS PRIME BOOST REGI 

MEN 

1080. This example describes the in vivo generation of an 
L523S-sepcific B cell response and demonstrates that a DNA/ 
Adenovirus prime-boost regimen can be used to induce a B 
cell (antibody) response against L523S. Further, specific 
epitopes recognized by mouse polyclonal antibodies are 
described. 
1081 Polyclonal serum was prepared from mice that were 
immunized with an L523S DNA/Adenovirus prime boost 
regimen, essentially as described in Example 33. High titers 
of mouse antibodies recognizing peptides 17, 22 and 53 (SEQ 
ID NOs: 520, 525, and 560, respectively) were detected. To a 
lesser degree, mouse antibodies recognizing peptides 32, 19 
and 18 (SEQ ID NOS:536, 522, and 521, respectively) were 
also detected. Antibodies specific for adenovirus proteins 
were also detected that coincided with the detection of 
L523S-specific antibodies. No signal was detected using 
serum from control naive mice or mice immunized with an 
antigen unrelated to L523S. As was shown previously in 
Examples 33 and 37, both CD4 and CD8 responses specific 
for L523S were also detected. Thus, this experiment confirms 
the in vivo immunogenicity of L523S and demonstrates that 
a DNA/Adenovirus primer boost regimen can be used to 
induce a B cell (antibody) response against L523S. 

Example 46 
IN VIVO IMMUNOGENICITY OF LUNG 

TUMORANTIGEN L523S L523S AND ADEN 
OVIRUS-SPECIFICHUMORAL RESPONSES IN 
MONKEYS IMMUNIZED WITH L523S-DNAF 

ADENOVIRUS REGIMEN 

1082. This example describes an in vivo immunogenicity 
study in rhesus macaque monkeys to evaluate the safety of the 
vaccine regimen administered as two priming doses of VAC/ 
L523S and 2 boosting doses of Ad/L523S. Vaccination with 
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L523S naked DNA was followed by a second immunization 
with either low or high dose of an adenovirus containing 
L523S. The results further validate the use of L523S DNA 
and L523S adenovirus prime/boost regimens in generating in 
Vivo immune responses to this lung tumor antigen in vivo. 
1083. Three groups of monkeys were immunized intrad 
ermally. Monkeys were immunized three times with DNA 
followed by three adenovirus-L523S boosts. Antibody 
responses to L523S were examined in all groups of monkeys 
on the following days: 
1084 - 1: one day prior to the 1st DNA-L523S prime 
1085 +3: 3 days after the 1st DNA-L523S prime 
1086 +31: 2 days after the 3rd DNA-L523S prime 
1087 +45: 2 days after the 1st adeno-L523S boost 
1088 +73: 2 days after the 3rd adeno-L523S boost 
1089 +86: 15 days after the 3rd adeno-L523S boost 
1090 The results showed that all pre-bleed monkeys had 
no antibody titers specific for L523S and adenovirus particle 
(SEA-adeno). L523S-DNA priming alone did not induce a 
significant L523S-specific antibody response. In Group 2 
monkeys (monkeys that received low-dose adeno-L523S), 1 
of 6 monkeys had a weak antibody response to L523S while 
6 of 6 monkeys demonstrated a moderate adenovirus-specific 
antibody response. In Group 3 (monkeys that received high 
dose adeno-L523S), 3 of 6 monkeys had a strong L523S 
specific antibody response while 6 of 6 monkeys had a strong 
adenovirus-specific response. Both male and female mon 
keys generated antibody responses to L523S and adenovirus. 
No apparent untoward toxicity was observed in any of the 
vaccinated monkeys. 
1091. Thus, the above experiments further confirm that 
L523S is immunogenic in vivo and thus has utility as a target 
for vaccine and other immunotherapeutic strategies. In par 
ticular, this study shows that DNA prime followed by high 
dose adenovirus boost generates a strong L523S and aden 
ovirus antibody response. 

Example 47 
DEVELOPMENT OF AN IN VIVO METASTATIC 

TUMORMODEL FOR THE LT62PLUNG 
TUMORANTIGEN 

1092. This example describes the ability of the lung tumor 
line 343T/L762P to form three times as many lung tumor foci 
in CB17 SCID mice as the 343T parent cell line. This example 
confirms that L762P (full-length cDNA and protein sequence 
set forth in SEQID NOs: 160 and 161, respectively) is a lung 
tumor antigen and further, shows that the CB17 SCID mouse 
injected with the 343T/L762P cell line is an in vivo model 
useful for development of therapeutics for lung cancers asso 
ciated with expression of L762P. 
1093. The 343T/L762P cell line was generated by trans 
duction of the 343T tumor cell line with a retroviral vector 
comprising L762P (cDNA set forth in SEQ ID NO:160, 
amino acid sequence set forth in SEQID NO:161), followed 
by selection resulting in a line that stably expressed L762P, as 
described further below. Specifically, recombinant retrovi 
ruses were generated using the Phoenix-Ampho packaging 
system and the vectors pBiB that includes a polylinker and the 
Blasticidin-D selectable marker. The cDNA for L762P was 
subcloned into the pBiB vector using standard molecular 
techniques. The consensus Kozak sequence GCCACC was 
included immediately 5' of the initiator ATG to maximize 
translational initiation. As would be recognized by the skilled 
artisan, any number of retrovirus vectors available in the art 
can be used in the context of this invention. To characterize 
surface expression of L762P, the retrovirus construct that 
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expressed L762P was used to transduce the lung tumor cell 
line 343T. Transduced lines were selected with Blasticidin-S 
and expanded to examine L762P surface expression by flow 
cytometric analysis. For this analysis, non-transduced and 
transduced cells were washed and incubated with 10-50 
micrograms/ml of affinity purified anti-L762P. Following a 
30 minute incubation on ice, cells were washed and incubated 
with a secondary, FITC-conjugated anti-rabbit IgG antibody 
as above. Cells were washed, resuspended in buffer with 
Propidium Iodide (PI) and examined by flow cytometry using 
an Excalibur fluorescence activated cell sorter. For this analy 
sis, PI-positive (i.e., dead/permeabilized cells) were 
excluded. The anti-L762P sera specifically recognized and 
bound to the surface of L762P-transduced cells but not the 
non-transduced counterparts. These results demonstrated that 
L762P is localized to the cell surface of lung tumor cells. 
1094. Two groups of CB17 SCID mice were injected with 
4x10° cells intravenously of either 343T or 343T/L762P 
cells. Mice were euthanized after 42 days and examined for 
lung tumor foci formation. The average number of foci for 
mation in 343T/L762P-injected mice was 216.8 foci (total for 
both lungs) as compared to 70.3 in the non-transduced parent 
343T cell line, giving a ratio of 3.08. Thus, mice injected with 
the L762P-expressing cell line form three times as many lung 
tumor foci as mice injected with the parent 343T (non-L762P 
expressing) cell line. 

Example 48 
COMPARISONS OF LUNGWEIGHT IN A343T? 

L762PMETASTATIC TUMORMODEL 

1095. This example shows that the ability of the L762P 
expressing 343T/L762P cell line to establish tumors in CB17 
SCID mice is significantly greater than the non-L762P-ex 
pressing parent 343T cell line. 
1096. Two groups of CB17 SCID mice were injected with 
4x10° cells intravenously with either 343T/L762P or 343T/ 
EGFP cells. These two cell lines were generated by transduc 
tion of the 343T tumor cell line with a retroviral vector com 
prising either L762P (cDNA set forth in SEQ ID NO:160, 
amino acid sequence set forth in SEQID NO:161), or EGFP. 
followed by selection resulting in cell lines that stably 
expressed either L762P or the control marker EGFP, as 
described in Example 47. An additional group of mice 
received no injections of cells. Mice were euthanized after 
losing 20% of their body weight or 33 days post cell injection, 
whichever came first. The average weight of lungs from 
343T/L762P,343T/EGFP and uninjected mice were 0.556g, 
0.3 g and 0.1817 g, respectively. Student T-test analysis 
showed that the probability of the means of the three groups 
being equal to one another were as follows: 343T/L762P vs. 
Uninjected: p=0.0027; 343T/L762P vs. 343T/EGFP: p=0. 
0589; 343T/EGFP vs. Uninjected: p=0.1129. 
1097 Thus the 343T/L762P lung tumor cell line, which 
stably expresses the L762P protein, forms significantly 
greater mass of lung tumors in intravenously injected CB17 
SCID mice as compared to the lungs of uninjected mice. 
Additionally, 343T/L762P-injected mice also have lung 
tumor mass greater than mice injected with the control tumor 
cell line, 343T/EGFP. 

Example 49 
ADDITIONAL CHARACTERIZATION OF LT62P 

HUMAN MONOCLONAL ANTIBODIES 

FACS Binding Analysis 
1098 Antibody binding experiments and relative affinity 
measurements were carried out to further refine the group of 
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L762P human monoclonal antibodies. Eleven humabs, 
selected from those described in Example 31 above, were 
selected for additional characterization. Ranking of the rela 
tive binding ability of the humabs was determined by flow 
cytometry analysis, using the ratio of the relative mean fluo 
rescence intensity (MFI) of binding to human L762 trans 
fected 522 cells vs. MFI of binding to untransfected 522 cells. 
Briefly, L762P/522 or 522 cells were harvested and washed in 
PBS, then incubated with 3ug/ml of the purified humabs for 
30 minutes on ice. After several washes in PBS, 0.5% BSA, 
0.01% azide, anti-human Ig-PE was added to the cells and 
incubated for 30 minutes on ice. Cells were washed again and 
resuspended in wash buffer and subjected to flow cytometric 
analysis. The rankings of the humab are shown in Table 26. 
Analysis of humab Binding to the L762PMouse Orthologue. 
1099 HEK 293 cells were transiently transfected with a 
pCEP4 plasmid construct containing the mouse orthologue of 
the human L762P gene (SEQID NO:561). Briefly, HEK cells 
were plated at a density of 100,000 cells/ml in DMEM 
(Gibco, Invitrogen, Carlsbad, Calif.) containing 10% FBS 
(Hyclone, South Logan, Utha) and grown overnight. The 
following day, 4 ul of Lipofectamine 2000 (Gibco) was added 
to 100 ul of DMEM containing no FBS and incubated for 5 
minutes at room temperature (RT). The Lipofectamine/ 
DMEM mixture was then added to 1 lug of L762P Flag? 
pCEP4 plasmid DNA resuspended in 100 ul DMEM and 
incubated for 15 minutes at RT. The Lipofectamine/DNA mix 
was then added to the HEK293 cells and incubated for 48-72 
hours at 37° C. with 7% CO. Cells were rinsed with PBS, 
then collected and pelleted by centrifugation. Cells were then 
analyzed by FACS as above. Three of the L762P humab 
bound to the mouse orthologue, see Table 26. 

Affinity Analysis 

1100 Affinity of the L762P humabs was determined 
using Biacore analysis (Biacore, Uppsala, Sweden). Goat 
anti-human antibody was plated onto a CM5 sensor chip 
using routine amine coupling. HBS-P running buffer (Bia 
core) was then used to dilute the L762Phum Abs to ~1 ug/ml, 
and each L762P humab was then captured to a separate 
channel on the sensor chip. A 5 minute wash was performed 
to stabilize the L762P humab baseline reading. L762P anti 
gen (amino acid residues 32-944 of SEQ ID NO:161, at a 
concentration of 393 nM) was then injected over those sur 
faces containing mabs for 1 minute, followed by a 15 minute 
dissociation step. To regenerate the binding Surface after each 
capture/inject cycle, a 21 second pulse of phosphoric acid 
(146 mM) was used. The resulting sensograms were then 
analyzed using the Biacore software and fitted to a 1:1 inter 
action model to determine relative values for Ka and Kd and 
are shown in Table 26. 

Functional Activity 
1101 Analysis of apoptosis induction was carried out 
using L762P/522 or L762P/343 transfected cells (2x10) as 
described above. The cells were incubated overnight with 10 
ug/ml of the anti-L762P humabs or irrelevant human IgG 
control mAbs, then assayed for annexin positivity and active 
caspase content by incubating the cells with an annexin V-Al 
exa488 conjugate (Molecular Probes, Eugene, Oreg.). Cells 
were subjected to flow cytometric analysis to determine the 
amount of annexin positivity as a measure of induced apop 
totic activity. Little to no detectable apoptosis above back 
ground levels was observed for the humabs, see Table 26. 
1102 For anti-proliferation assays, L762P/522 or L762P/ 
343 cells (500 cells/well) were plated onto 96 well plates and 
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grown overnight at 37° C., 7% CO. The next day, 10-20 
ug/ml of the L762P humabs were added to the cells and 
incubated for 6 days at 37°C., 7% CO. The change in the 
amount of proliferation was quantitated by the addition of 
MTS reagent (20 ul/well; Promega, Madison, Wis.) for 1 to 2 
hours, followed by reading the OD490 of the plate on a 
microplate ELISA reader. Little to no reduction in prolifera 
tion above background levels was observed for the L762P 
humabs tested (see Table 26). 

Internalization Analysis 
1103 L762P/522 cells were plated at 1x10 cells/well in 
96 well plates containing DME plus 10% heat inactivated 
fetal bovine sera. L762P humabs or control antibodies, 
including an irrelevant human IgG and the anti-MHC Class I 
mAb W6/32, were added at a concentration of 0.5 g/well. A 
mouse anti-human Ig-Saporin conjugated secondary antibody 
was then added at a concentration of 1 Jug/ml to the wells, and 
the plates were incubated for 6 days at 37° C., 7% CO. The 
decrease in the amount of proliferation was quantitated by the 
addition of MTS reagent (20 ul/well; Promega) for 1 to 2 
hours, followed by reading the OD490 of the plate on a 
microplate ELISA reader. L762PHum Ab 1.59.1 caused 15% 
cell death and L762PHum Ab 2.110.1 caused 20% cell death 
over the time-course of this assay, see Table 26. 

Antibody Binding Analysis 

1104 Saturation binding affinity determination was made 
using mouse L762P mAb153A12.1 and human L762Phum 
Abs (1.59.1, 2.39.3 and 2.110.1). The mabs were radiola 
beled with Iodine-125 (Amersham, Arlington Heights, Ill.) 
using the lodogen method according to manufacturer's 
instructions (Pierce, Rockford, Ill.). The 153A12.1 mAb was 
also labeled with In-111 (Amersham) after the attachment of 
a chelator to facilitate Indium uptake. The labeled mAbs were 
diluted in binding buffer (PBS/0.5% BSA/1 mM sodium 
azide), then various concentrations of mAbs were added to 
wells of 96-well plates coated with 10 ug/ml of recombinant 
L762P protein (amino acid residues 32-944 of SEQ ID 
NO:161) or incubated with L762/343T cells. 
1105 To determine the total mAb binding, 10 ug/ml 
L762P antigen or -1x10" L762P/343T cells were incubated 
with a dilution series of a particular radiolabeled human or 
mouse L762P mab. To determine non-specific binding, 
plate-bound L762P antigen or L762P/343T cells were incu 
bated with a radiolabeled mAb in the presence of a 50x excess 
of unlabeled antibody. After 2 to 4 hours incubation at room 
temperature, plates or cells are washed 4x with cold binding 
buffer. Washed plates or cells collected by centrifugation 
were then subjected to a Gamma counter. The radioactive 
signal generated in the non-specific binding sample was Sub 
tracted from the signal derived from the total binding reaction 
to determine the specific binding signal. The data were ana 
lyzed by non-linear regression to determine affinity and num 
ber of antigen sites per cell. The derived Kd values are shown 
in Table 26 and are based on L762P recombinant antigen 
binding for all of the humabs tested (1.59.1, 2.39.3 and 
2.110.1), whereas the mouse L762P mab (153A12.1) has an 
additional Kd value determination based on binding to 
L762P/343T cells. 
Epitope Mapping using mAbs 
1106 Peptide epitopes recognized by mouse monoclonal 
antibodies 153A12 and 153A20 and human monoclonal anti 
bodies humab 2.4.1 and humab 2.69.1, were identified using 
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an epitope mapping approach. A series of overlapping 20 mer 
peptides corresponding to the full length amino acid sequence 
of L762P (SEQID NO:161) were synthesized. As described 
above, the peptides were subjected to ELISA analysis. The 20 
mer L762P peptides were coated onto flat bottom 96 well 
microtiter plates at 2 ug/ml and incubated at 37° C. for 2 
hours. Plates were then washed 5 times with PBS+0.1% 
Tween 20 and blocked with PBS+1% BSA for 1 hr. Protein A 
purified mouse or human anti-L762P antibodies were then 
added to the wells at 1 lug/ml and incubated at room tempera 
ture for 1 hour. Plates were again washed, followed by the 
addition of goat anti-mouse-Ig-horseradish peroxidase 
(HRP) or goat anti-human-Ig-HRP antibody for 1 hour at 
room temperature. Plates were washed, then developed by the 
addition of the chromagenic substrate TMB Microwell Per 
oxidase Substrate (Biological Mimetics, Inc., Fredrick, Md.). 
The reaction was incubated 15 minutes at room temperature 
and stopped by the addition of 1N sulfuric acid. Plates were 
read at OD450 in an automated plate reader. 
1107 The peptide sequence recognized by L762P mouse 
monoclonal antibodies 153A12 and 153A20 corresponded to 
aa residues 135-154 of SEQ ID NO:161, EGKYIHFTPN 
FLLNDNLTAG (SEQ ID NO: 562). The peptide sequence 
recognized by L762P human monoclonal antibody humab 
2.4.1 corresponded to aa residues 571-590 of SEQ ID NO: 
161, DKPFYINGONQIKVTRCSSD (SEQID NO:563) and 
the peptide sequence recognized by humab 2.69.1 corre 
sponded to aa residues 571-590 of SEQID NO: 161, KPGH 
WTYTLNNTHHSLQALK(SEQ ID NO:382). 

Immunohistochemistry Analysis 

1108 L762P protein expression was evaluated in various 
tissues using immunohistochemistry (IHC) analysis as 
described above using mouse monoclonal antibody 
153A12.1 (described in Example 31 above). Immunohis 
tochemistry was performed as described herein. Briefly, par 
affin-embedded, formalin-fixed tissue was sliced into 8 
micron sections. Steam heat induced epitope retrieval 
(SHIER) in 0.1 M sodium citrate buffer (pH 6.0) was used for 
optimal staining conditions. Sections were incubated with 
10% serum/PBS for 5 minutes. Primary antibody was added 
to each section for 25 minutes at 1-2 ug/ml, followed by a 25 
minute incubation with anti-mouse biotinylated antibody. 
Endogenous peroxidase activity was blocked by three 1.5 
minute incubations with hydrogen peroxidase. Avidin biotin 
complex/horse radish peroxidase (ABC/HRP) was used 
along with DAB chromogen to visualize antigen expression. 
Slides were then counterstained with hematoxylin to visual 
ize cell nuclei. Using this approach, L762P protein was 
detected in 11/12 squamous lung cancer, 5/5 squamous 
esophageal cancer, 5/5 squamous skin cancer, 4/5 transition 
cell carcinoma and 2/5 non-neoplastic conditions. No protein 
was detected in Small cell lung cancer, adeno lung cancer, 
bronchoalveolar cancer, metastatic adeno lung cancer, other 
cancer of lung and mesothelioma. L762P protein was 
detected in 16/20 stage I lung cancer, 18/20 stage II lung 
cancer and 779 stage III/IV lung cancer. L762P protein was 
detected in 3/4 normal lung (bronchia) scattered epithelium, 
1/1 normal esophagus epithelium, 1/1 normal trachea epithe 
lium, 4/4 normal skin epidermis/sebaceus and Sweat glands 
and 1/1 normal stomach cytoplasmic/gastric pits (light stain 
ing). No protein was detected in normal thyroid, spleen, lung 
(alveoli), liver, uterus, prostate, testis, ovary, pancreas, heart, 
large and Small intestine, brain and adrenal tissues. 
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TABLE 26 

FACS Affinity Low Res Functional Saturation 
Binding Biocore K. (nM Activities Binding 

L762P Human K Anti- Internalizing K (nM) K (nM) 
humab (rank) mouse K. (M's) K (s") (nM) Apoptotic proliferative humab 125 In Ill 

1.41.1 10 2.2 x 10 1.4 x 10' 6.4 
1.59.1 2 2.3 x 10' 3.8 x 10' 16.0 15% 24.3 
1981 9 3.7 x 10' 2.2 x 10' 6.0 
1.105.1 7 4.6 x 10' 7.8 x 10' 17.0 
1.259.1 8 4.4 x 10' 5.9 x 10 13.0 
2.4.1 5 +f- 1.9 x 10' 3.1 x 10' 16.0 
2.39.3 6 5.0 x 10 2.3 x 10' 4.6 21.7 
2.53.3 4 3.9 x 10 2.2 x 10' 5.5 
2.69.1 11 -- 3.5 x 10' 5.0 x 10' 14.0 
2.77.1 3 5.3 x 10 2.6 x 10' 5.0 
2.110.1 1 -- 7.9 x 10' 4.1 x 10' 5.3 20% 4.9 
Mouse 16.6 18.6 
mAb 2O2 
153A121 (cells) 

Example 50 
TABLE 27 

EXPRESSION OF L523S IN ENDOCERVICAL 
AND ENDOMETRIAL NEOPLASMS 

1109 This example demonstrates that expression of the 
lung tumor antigen, L523S (cDNA set forth in SEQ ID 
NO:175: amino acid sequence set forth in SEQID NO:176), 
is also significantly increased in adenocarcinoma in situ 
(AIS) of the uterine cervix and endocervical adenocarcinoma 
(ECCA) as compared to benign endocervical glands and 
endometrial adenocarcinoma. Thus, this example shows that 
L523S can be used as a diagnostic marker for cervical cancer. 
1110 Adenocarcinoma in situ (AIS) of the uterine cervix 
has been recognized as a precursor lesion for invasive adeno 
carcinoma. However, there has been very limited molecular 
evidence to support the concept. L523S has been identified as 
a carcinoma-associated antigen as shown by its overexpres 
sion in lung squamous and adeno carcinomas as compared to 
normal lung using a variety of techniques including microar 
ray and real time PCR. The following experiments were done 
to evaluate the expression of L523S in AIS, benign endocer 
vical glands (BEG), endocervical adenocarcinoma (ECCA) 
and endometrial adenocarcinoma (EMCA). 
1111 Cervical biopsies and hysterectomy specimens with 
AIS (n=20), BEG (n=8), ECCA (n=9) and EMCA (n=25) 
were obtained. All 20 cases of AIS had BEG in the same 
specimen, making a total of 28 samples of BEG available for 
study. Sections were cut at 4 microns and immunostained on 
an automated immunostainer using murine monoclonal 
L523S-specific antibodies (see Example 34). Briefly, slides 
were peroxidase blocked for 5 minutes, steamed for 40 min 
utes in Citrate Buffer (pH 6.0), cooled for 20 minutes, blocked 
for Avidin/Biotin in Egg/Milk for 15 minutes each, washed in 
diHO, and loaded onto the Autostainer. Positive L523S 
staining was graded as weak (<25% of cells positive) or 
strong (>25% of cells positive). 
1112. The IHC staining results are summarized in Table 27 
and are expressed as the percentage of cases in each category 
as shown. 

Immunohistochemical staining of L523S in endocervical 
and endometrial neoplasms 

Negative L523S Weak L523S Strong L523S 

Benign 100 (28/28) 0.0 (0/28) 0.0 (0/28) 
AIS 10 (2/20) 10 (2/20) 80 (1620) 
ECCA 11 (1/9) 11 (1/9) 78 (7/9) 
EMCA 88 (22/25) 8(2/25) 4 (1/25) 

1113. These results demonstrate significantly increased 
expression of L523S in AIS and ECCA compared to benign 
endocervical glands and EMCA, Supporting the concept that 
AIS is a precursor of invasive carcinoma, and that L523S may 
play an important role in AIS and ECCA development and 
progression. In addition, L523S expression can be helpful in 
distinguishing AIS from benign cervical glands, and endocer 
Vical adenocarcinoma from endometrial adenocarcinoma in 
difficult cases. 

1114. In a separate experiment, additional cervical cancer 
samples were analyzed for L523S expression using IHC as 
described above. The results are summarized in Table 28. The 
results confirm the above study and also indicate that L523S 
expression increases with the stage of cervical intraepithelial 
neoplasia (CIN) and may be useful as an early indicator of 
cervical cancer development. 

TABLE 28 

L523S expression in cervical cancers 

Tissue Diagnosis' Staining Results* 

Sq. Lung Ca 98-002C v. 1+ blush w focal signal 
Sq. Lung Ca 98-002M Negative 
Sq. Lung Ca 98-002P v. 2+ tumor 
Sq. Lung Ca 98-012BB uniform 3+ tumor 
Cervical Ca98-023F SCC v. 3+ invasive tumor & CIN-3, 

negative inl 
Cervical Ca98-023J SCC Negative 
Cervical Ca98-023K SCC v. 1-2+ CIN 1-3, negative 

normal 
Cervical Ca98-023L SCC uniform 2-3+ invasive tumor 
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TABLE 28-continued 

L523S expression in cervical cancers 

Tissue Diagnosis* Staining Results 

Cervical CaB65392 SCCUC focal 3+ high grade invasive 
tumor fragment 

Cervical Ca B503995 SCCUC 1+ CIN3, focal 2+ glandular ext. 
Cervical Cal B17397 SCCUC V. 2-3+ invasive tumor 
Cervical Cal B171697 SCCUC uniform 2-3+ invasive tumor 
Cervical Cal B3090,97 SCCUC uniform 1-2+ invasive, negative 

normal fragment 
Cervical Cal B217698 SCCUC focal 1 + blush 
Cervical Cal B231998 SCCUC v. 2-3+ invasive 
Cervical CaB69799 SCCUC 1+ blush invasive, negative 

normal 
Cervix RB98-010G Normal Negative 
Skin RB01-030A2 Normal no signal above background 

SCC: squamous cell carcinoma; SCCUC: squamous cell carcinoma uterine cervix 
Staining intensities are expressed in increasing intensity as 1+, 2+, or 3+, Blush indicates 

very light staining. Results are further described as focal (less than 25% of cells stain 
positive), uniform (over 75% oftissue stains positive), or variable (v.: between 25% and 75% 
of tissue stains positive). 
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TABLE 28-continued 

L523S expression in cervical cancers 

Tissue Diagnosis' Staining Results* 

CIN: cervical intraepithelial neoplasia (precancer). Numbers indicate the stage or grade of 
the neoplasm, with Grade III being closest to malignancy, 

1115 All of the above U.S. patents, U.S. patent applica 
tion publications, U.S. patent applications, foreign patents, 
foreign patent applications and non-patent publications 
referred to in this specification and/or listed in the Application 
Data Sheet, are incorporated herein by reference, in their 
entirety. 
1116. From the foregoing it will be appreciated that, 
although specific embodiments of the invention have been 
described herein for purposes of illustration, various modifi 
cations may be made without deviating from the spirit and 
Scope of the invention. Accordingly, the invention is not lim 
ited except as by the appended claims. 

SEQUENCE LISTING 

The patent application contains a lengthy “Sequence Listing section. A copy of the “Sequence Listing is available in 
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20100239615A1). 
An electronic copy of the “Sequence Listing will also be available from the USPTO upon request and payment of the 
fee set forth in 37 CFR1.19(b)(3). 

What is claimed: 

1. A method for the treatment of a lung cancer in a patient, 
wherein the lung cancer is characterized by overexpression of 
the polynucleotide provided in SEQID NO:347 or a variant 
of SEQID NO:347 having at least 95% identity to the poly 
nucleotide sequence of SEQID NO:347, comprising admin 
istering to the patient a polynucleotide comprising the poly 
nucleotide sequence selected from the group consisting of: 

(a) the polynucleotide sequence set forth in SEQ ID 
NO:347; 

(b) the polynucleotide sequence of a variant of SEQ ID 
NO:347 having at least 95% identity to the polynucle 
otide sequence of SEQID NO:347; and 

(c) the polynucleotide sequence of a fragment of the poly 
nucleotide sequence of (a) or (b), wherein the fragment 
encodes an immunogenic portion of the polypeptide 
encoded by the polynucleotide of SEQID NO:347. 

2. A method for the treatment of a lung cancer in a patient 
comprising administering to the patient the polynucleotide 
set forth in SEQ ID NO:347, wherein the lung cancer is 
characterized by overexpression of the polypeptide provided 
in SEQID NO:347, or a variant of SEQID NO:347 having at 
least 95% identity to the polynucleotide sequence of SEQID 
NO:347. 

3. A method for the treatment of a lung cancer in a patient, 
wherein the lung cancer is characterized by overexpression of 

the polynucleotide provided in SEQID NO:347, or a variant 
of SEQID NO:347 having at least 95% identity to the poly 
nucleotide sequence of SEQID NO:347, comprising admin 
istering to the patient a composition comprising a first com 
ponent selected from the group consisting of physiologically 
acceptable carriers and immunostimulants and a second com 
ponent comprising a polynucleotide comprising the poly 
nucleotide sequence set forth in SEQID NO:347. 

4. The method of claim 1, wherein said polynucleotide 
encodes a fusion protein. 

5. The method of claim 4, wherein the fusion protein com 
prises a T helper epitope. 

6. The method of claim 4 wherein the fusion protein com 
prises a fusion partner selected from the group consisting of 
a protein D derivative, a C-terminal domain of the LYTA 
protein, Ra12, the non-structural protein from influenza virus 
(NS1), and an endosomal/lysosomal compartment targeting 
signal. 

7. The method of claim 3, wherein said polynucleotide 
encodes a fusion protein. 

8. The method of claim 7, wherein the fusion protein com 
prises a T helper epitope. 

9. The method of claim 7 wherein the fusion protein com 
prises a fusion partner selected from the group consisting of 
a protein D derivative, a C-terminal domain of the LYTA 
protein, Ra12, the non-structural protein from influenza virus 
(NS1), and an endosomal/lysosomal compartment targeting 
signal. 
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10. The method of claim3, wherein said immunostimulant 
is an adjuvant that induces a predominantly Th1 type immune 
response. 

11. The method of claim 10, wherein said adjuvant is 
selected from the group consisting of 3D-MPL. QS21, a 
mixture of QS21 and cholesterol, and a CpG oligonucleotide. 

12. The method of any one of claims 1-11 wherein the lung 
cancer is a lung Squamous cell carcinoma or a lung adenocar 
cinoma. 
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13. The method of any one of claims 1-11 wherein said 
polynucleotide is delivered by a viral based delivery system. 

14. The method of claim 13 wherein the viral based deliv 
ery system comprises an adenovirus. 

15. The method of any one of claims 1-11 wherein said 
polynucleotide is delivered in a DNA prime/adenovirus boost 
regimen. 


