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(57) ABSTRACT

Diagnosis of lung cancer in a subject before onset of symp-
toms is described herein (i.e., in a pre-diagnostic subject), by
screening a biological fluid from the subject for the presence
therein of autoantibodies that are specific for one or more
pre-diagnostic lung cancer indicator proteins, including
LAMRYI, and optionally additionally or alternatively includ-
ing annexin I and/or 14-3-3-theta and/or other pre-diagnostic
lung cancer indicator proteins as presently disclosed, as the
defined antigens. Related methods, including for monitoring
immune reactivity against lung cancer indicator proteins in a
lung cancer patient, typing lung cancer subjects or character-
izing lung tumors, and application of the described proteom-
ics approach for the identification of additional pre-diagnos-
tic lung cancer indicator proteins, are also contemplated.

Correlation of duplicate spols on He same array

H=058

P

14
J 3
-
&1
fu]
R4
8
&
& ; Y Y
3] 18 12 14 18
log{RFU}

Corretation of veplivate arrays hybridized with the
serum sampie

R=096

4 6 8 10 12 14
log(RFU)



Patent Application Publication  Apr. 26,2012 Sheet 1 of 3 US 2012/0100558 A1

Corvelation of duplicate spolz on Be sams arrsy

e
e

R = 0.99 .
" e

g {RFL:

4 & & 18 12 14 18
log{REL)

FIG. 1A

Correlation of veplicate arrays hybridized with the
Serum sampis

R (08

vk
Joe

%
P tin §E
K10
Nn® 3 %
&
£
RSSAN -
8




Patent Application Publication  Apr. 26,2012 Sheet 2 of 3 US 2012/0100558 A1

ANXA1 14-3-3 theta
{p=0.001) {p=0.01)
o [{= 3 <]
Q
=+ B £y -
& Z a
o0 Q ] | o
g °7 ° g
£ @ =B w4
3 oy - _ o o
§ : : Pl
o _— ] = ' a
E T : &) é — : %
o ! 2 =] L !
{ |
- —:— b e a— :\‘eee‘“eie:\-eeh\
P T ] | T
CANCER NORMAL CANCER NORMAL

FIG. 2A FIC. 2B

PGPS.5 LAMR1
{p=0.214) (p=0.017)
[+ &
<+ ~ “ - °
oy = L
B ey =
o 1 o o
| ; L R
= L T e
2 o- * S :
I R : o L ] b
. _ PR Lol
T ; i | !
CANCER NORMAL CANCER NORMAL

FIG. 2C FIG. 2D



Patent Application Publication

Apr. 26,2012 Sheet 3 of 3 US 2012/0100558 A1

1.0 —

0.8

0.6

0.4 —

True Positive Fraction

0.2

0.0

— AUC: 0.73 (0.69, 0.81)
= 95% C

I I I I I
02 04 06 08 1.0

False Positive Fraction

FIG. 3



US 2012/0100558 A1

LUNG CANCER DIAGNOSIS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 61/095,269, filed Sep. 8, 2008.

STATEMENT OF GOVERNMENT INTEREST

[0002] This invention was made with government support
under Grant No. UO1 CA084982, awarded by the National
Cancer Institute/National Institutes of Health. The govern-
ment has certain rights in this invention.

STATEMENT REGARDING SEQUENCE
LISTING

[0003] 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
360056_404PC_SEQUENCE_LISTING.txt. The text file is
65 KB, was created on Aug. 27, 2009 and is being submitted
electronically via EFS-Web to the U.S. PCT Receiving
Office, concurrent with the filing of the specification.

BACKGROUND
[0004] 1. Technical Field
[0005] The presently disclosed invention embodiments

relate to compositions and methods for the early detection of
cancer. In particular, certain embodiments relate to composi-
tions and methods for diagnosing lung cancer in patients
otherwise exhibiting no signs of cancer, by detecting in
patient samples the presence of autoantibodies that are spe-
cific for one or more lung cancer indicator proteins as
described herein.

[0006] 2. Description of the Related Art

[0007] Lung cancer accounts for over 12% of all human
cancers and close to 18% of cancer deaths, thus representing
one of the most commonly occurring cancers in humans
worldwide. (World Cancer Research Fund/American Insti-
tute for Cancer Research. Food, Nutrition and the Prevention
of Cancer: A global perspective. Washington, D.C.: American
Institute for Cancer Research, 2007.) Non-small cell lung
cancer is most prevalent, including squamous cell carcinoma
(~30-45% of all lung cancers), adenocarcinoma (~30-45%)
and large cell carcinoma (~9%). Small-cell carcinoma repre-
sents approximately 10-15% of all lung cancers. In 2002,
approximately 1.4 million lung cancer cases were reported.
Id.

[0008] In its early stages, lung cancer produces no symp-
toms, thereby typically eluding detection until the disease has
progressed to advanced stages that are associated with high
mortality rates.

[0009] Currently available non-invasive approaches for
screening and diagnosis of lung cancer include chest x-rays
and other imaging methods such as computerized tomogra-
phy (CT), for example, low-dose helical computed tomogra-
phy. These approaches have not, however, been shown to
reduce lung cancer mortality rates, and may generate false
positive results that could lead to unnecessary and potentially
harmful invasive procedures and/or therapeutic regimens.
(Lung Cancer Screening PDQ® Summary, National Cancer
Institute, National Institutes of Health, Bethesda, Md., 2008)
Additionally or alternatively, cytological analysis of sputum
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samples may be performed in efforts to detect cancer cells,
typically for patients presenting with productive cough, a
symptom which may signify the presence of an advanced case
of lung cancer.

[0010] Invasive procedures to obtain lung biopsy samples
may also be performed in efforts to diagnose lung cancer,
including procedures such as bronchoscopy, mediastinos-
copy or imaging-guided needle biopsy. These procedures are
typically practiced only in patients presenting with one or
more potential signs or symptoms of advanced lung cancer
(e.g., a mass or nodule appearing in x-ray of CT imaging
studies), which may warrant the time and expense of such
procedures and of the subsequent diagnostic work-up of the
biopsy samples. Hence, these procedures are not amenable to
routine screening for, or early detection of, lung cancer.
[0011] There is increasing evidence for a humoral immune
response to cancer in humans, as demonstrated by the iden-
tification of autoantibodies against a number of intracellular
and surface antigens in patients with various tumor types
(Stocked et al., J Exp Med 187:1349-54, 1998; Tan E M, J
Clin Invest 108:1411-5, 2001; Mintz et al., Nat Biotechnol
21:57-63, 2003; Gourevitch et al., Br J Cancer 72:934-8,
1995; Gure et al., Cancer Res 58:1034-41, 1998; Yamamoto
etal., IntJ Cancer 69:283-9, 1996; Dunn et al., Nat Immunol
3:991-8, 2002; Hanash, Nat Biotechnol 21:37-8, 2003; Old et
al., J Exp Med 187:1163-7, 1998; Finn, N Engl J Med 353:
1288-90, 2005). Interest in the humoral response against
tumor antigens relates in part to the potential screening and
diagnostic utility of autoantibodies and their corresponding
antigens.

[0012] A number of circulating autoantibodies in lung can-
cer have been identified by screening expression libraries
with patient sera (Gure et al., Cancer Res 58:1034-41, 1998,
Yamamoto et al., Int J Cancer 69:283-9, 1996; Diesinger et
al., Int J Cancer 102:372-8, 2002; Gure et al., Proc Natl Acad
Sci USA 97:4198-203, 2000; Ali Eldib et al., Int J Cancer
108:558-63, 2004; Yang et al.,, J Proteome Res 6:751-8,
2007). However, there remains a need to identify additional
autoantibody targets to increase specificity and sensitivity.
[0013] Several proteomics methods are emerging as useful
means for discovering autoantibody biomarkers (e.g.,
Hanash, Nature 422:226-32, 2003; Imafuku, Omenn and
Hanash, Dis Markers 20:149-53, 2004; U.S. Pat. Nos. 6,645,
465; 7,202,045, 7,387,881). The merit of a proteomic
approach is that it allows identification of autoantibodies to
proteins that are directly derived from cancer cells or tumors
and thus may uncover antigenicity associated with proteins as
they occur in tumor cells, including proteins whose antige-
nicities have structural bases in their post-translational modi-
fication. Previous studies using two-dimensional gels of lung
tumor cell lysates and Western blotting uncovered autoanti-
bodies in lung cancer patient sera against annexin I, PGP9.5
and 14-3-3 theta proteins (Brichory et al., Cancer Res
61:7908-12, 2001; Brichory et al., Proc Natl Acad Sci USA
98:9824-9,2001; Pereira-Faca etal., Cancer Res 67:12000-6,
2007).

[0014] More recently, a method has been implemented that
utilized liquid-based procedures to separate intact proteins in
tissue and tumor cell lysates (Wang and Hanash, J Chro-
matogr B Analyt Technol Biomed Life Sci 787:11-8, 2003,
Faca et al., J Proteome Res 6:3558-65, 2007). Several hun-
dreds of distinct protein-containing fractions were spotted
onto microarrays, interrogated using various sources of sera,
and quantitatively analyzed for bound antibodies. Anti-



US 2012/0100558 A1

PGP9.5 antibodies were successfully identified in sera of
newly diagnosed lung cancer patients, and anti-UCHL3 anti-
bodies were identified in colon cancer patient sera collected at
the time of diagnosis, using this microarray approach (Nam et
al., Proteomics 3:2108-15, 2003; Madoz-Gurpide et al., Mol
Cell Proteomics, 2007), as well as autoantibodies in prostate
cancer (Forrester et al., Proteomics—Clinical Applications
1:494-505, 2007), thus establishing the potential of natural
protein microarrays to uncover antigens that induce an anti-
body response in cancer in a relatively high throughput
approach.

[0015] Clearly there remains a significant unmet need for
more and better compositions and methods for diagnosing
lung cancer and for lung cancer screening, including addi-
tional biomarkers and conveniently practiced approaches that
are capable of detecting lung cancer in a subject at an earlier
point in the progression of the disease than is currently pos-
sible (e.g., in a pre-diagnostic subject), and preferably further
including conveniently practiced methods that permit moni-
toring the severity of disease, progression of disease and/or
disease responsiveness to a therapeutic course. Effective
early diagnosis of Tung cancer would reduce the tumor burden
that is typically present at the inception of surgical, chemo-
therapeutic, immunotherapeutic, molecular therapeutic and/
or radiation-based therapies, relative to the tumor burden
presently confronting the clinician when current conventional
diagnostics are relied upon, and could have a significant
impact on lung cancer related mortality. The present inven-
tion thus addresses these needs and offers other related advan-
tages.

BRIEF SUMMARY

[0016] Inoneembodiment, the presentinventionprovides a
method for diagnosing lung cancer in a pre-diagnostic sub-
ject, comprising (a) contacting (i) one or more antibodies
from a biological fluid from the pre-diagnostic subject, and
(ii) at least one isolated pre-diagnostic lung cancer indicator
protein, under conditions and for a time sufficient for detect-
ing specific binding of at least one antibody from the biologi-
cal fluid to one or more of said pre-diagnostic lung cancer
indicator proteins, and therefrom identifying presence of Tung
cancer in the pre-diagnostic subject.

[0017] In another embodiment, there is provided a screen-
ing method for lung cancer, comprising (a) contacting (i) one
or more antibodies from a biological fluid from each subject
of one or a plurality of subjects, and (i1) at least one isolated
pre-diagnostic lung cancer indicator protein, under condi-
tions and for a time sufficient for detecting specific binding of
at least one antibody from the biological fluid to one or more
of said pre-diagnostic lung cancer indicator proteins, wherein
detection of specific binding indicates the subject has lung
cancer, and thereby screening for lung cancer.

[0018] In another embodiment there is provided a method
for diagnosing lung cancer in a pre-diagnostic subject, com-
prising (a) contacting (i) one or more antibodies from a bio-
logical fluid from the pre-diagnostic subject, and (ii) an iso-
lated protein or polypeptide that comprises one or more
antigenic epitopes of one or more pre-diagnostic lung cancer
indicator proteins, under conditions and for a time sufficient
for detecting specific binding of at least one antibody from the
biological fluid to one or more of said antigenic epitopes, and
therefrom identifying presence of lung cancer in the pre-
diagnostic subject.
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[0019] 1In another embodiment there is provided a screen-
ing method for lung cancer, comprising (a) contacting (i) one
or more antibodies from a biological fluid from each subject
of one or a plurality of subjects, and (ii) an isolated protein or
polypeptide that comprises one or more antigenic epitopes of
one or more pre-diagnostic lung cancer indicator proteins,
under conditions and for a time sufficient for detecting spe-
cific binding of at least one antibody from the biological fluid
to one or more of said antigenic epitopes, wherein detection
of specific binding indicates the subject has lung cancer, and
thereby screening for lung cancer.

[0020] In certain further embodiments of the above
described methods, at least one of the one or more pre-diag-
nostic lung cancer indicator proteins comprises a LAMRI
protein, AKR1B10 protein [SEQ ID NO:11], GOT2 protein
[SEQ ID NO:12], HNRPR protein [SEQ ID NO:13], PDIA3
protein [SEQ ID NO:14], NME2 protein [SEQ ID NO:15],
RTN4 protein [SEQ ID NO:16], HI1FX protein [SEQ ID
NO:17], G3BP protein [SEQ ID NO:18], HSPCA protein
[SEQ ID NO:19], or ACTN4 protein [SEQ ID NO:20]. In
certain still further embodiments the pre-diagnostic lung can-
cerindicator proteins further comprise at least one, two, three,
four, five, six, seven, eight or more proteins selected from
annexin I protein, 14-3-3 theta protein, AKR1B10 protein
[SEQ ID NO:11], GOT2 protein [SEQ ID NO:12], HNRPR
protein [SEQ ID NO:13], PDIA3 protein [SEQ ID NO:14],
NME2 protein [SEQ ID NO:15], RTN4 protein [SEQ 1D
NO:16], HI1FX protein [SEQ ID NO:17], G3BP protein
[SEQ ID NO:18], HSPCA protein [SEQ ID NO:19], and
ACTN4 protein [SEQ 1D NO:20].

[0021] In certain other further embodiments the lung can-
cer is selected from (i) adenocarcinoma, (ii) squamous cell
carcinoma, (iii) non-small cell lung cancer that is not (i) or
(i1), and (iv) a lung cancer that can be defined based on one or
more of causation and gene mutational status. In certain other
further embodiments the subject or pre-diagnostic subject is
at increased risk for developing lung cancer. In certain further
embodiments the subject or pre-diagnostic subject has at least
one indicator of increased risk for developing lung cancer that
is selected from (i) a history of asbestos exposure, (ii) a
history of smoking tobacco products, (iii) a history of radon
gas exposure, (iv) a history of exposure to a source ofionizing
radiation, (v) a history of recurrent lung inflammation, (vi) a
history of tuberculosis, (vi) a history of silicosis, berylliosis
or talc inhalation, (vii) a family history of lung cancer in
genetically related individuals, (viii) a history of vitamin A
deficiency or vitamin A excess, (ix) a history of smoking
cannabis, and (x) exposure to toxic volatile substances or
infectious agents.

[0022] In certain embodiments of the above described
methods, the antibodies are isolated from the biological fluid
prior to the step of contacting, and in certain other embodi-
ments the antibodies are present in the biological fluid during
the step of contacting. In certain embodiments the antibodies
are autoantibodies. In certain embodiments of the above
described methods, the biological fluid is selected from
blood, serum, serosal fluid, plasma, lymph, urine, cerebrospi-
nal fluid, saliva, a mucosal secretion, a vaginal secretion,
ascites fluid, pleural fluid, pericardial fluid, peritoneal fluid,
abdominal fluid, culture medium, conditioned culture
medium and lavage fluid. In certain embodiments the biologi-
cal fluid comprises serum.

[0023] Incertain other embodiments of the above described
methods, the pre-diagnostic indicator protein, or the isolated



US 2012/0100558 A1

protein or polypeptide that comprises one or more antigenic
epitopes of a pre-diagnostic indicator protein, is selected from
(1) a naturally occurring protein or polypeptide, (ii) a syn-
thetic protein or polypeptide, (iil) a recombinant protein or
polypeptide, and (iv) a fusion protein or polypeptide that
comprises a fusion polypeptide domain fused to the pre-
diagnostic indicator protein, or to the polypeptide that com-
prises one or more antigenic epitopes of the pre-diagnostic
indicator protein.

[0024] Incertain other embodiments of the above described
methods, the pre-diagnostic indicator protein, or the isolated
protein or polypeptide that comprises one or more antigenic
epitopes of a pre-diagnostic indicator protein, is immobilized
on a solid substrate. In certain further embodiments the
immobilized pre-diagnostic indicator protein or the immobi-
lized isolated protein or polypeptide that comprises one or
more antigenic epitopes of a pre-diagnostic indicator protein,
is immobilized by a covalent bond. In certain other further
embodiments the immobilized pre-diagnostic indicator pro-
tein or the immobilized isolated protein or polypeptide that
comprises one or more antigenic epitopes of a pre-diagnostic
indicator protein, is non-covalently immobilized.

[0025] Incertain other embodiments of the above described
methods, detecting specific binding of the at least one anti-
body comprises detecting a signal that is selected from a
fluorescent signal, a radiometric signal, an enzymatic signal
and a spectrometric signal.

[0026] Incertain other embodiments of the above described
methods, the pre-diagnostic lung cancer indicator protein is
selected from the group consisting of (i) a non-posttransla-
tionally modified protein, (i1) a posttranslationally modified
protein that is selected from a glycoprotein, a lipoprotein, a
phosphoprotein, a proteolipid, a glypiated protein, a ubiquiti-
nylated protein,a SUMOylated protein, a sulfated protein and
a glycated protein, and (ii1) a posttranslationally modified
protein of (ii) in which one or more posttranslational modifi-
cations results in immunogenicity.

[0027] In another embodiment there is provided a method
of monitoring lung cancer autoimmune reactivity in a lung
cancer patient, comprising (a) contacting, after each of two or
more timepoints, (i) one or more antibodies from a biological
fluid that is taken from a subject at each of said timepoints,
and (ii) a test antigen that is selected from the group consist-
ing of (1) at least one isolated pre-diagnostic lung cancer
indicator protein and (2) at least one isolated protein or
polypeptide that comprises one or more antigenic epitopes of
one or more pre-diagnostic lung cancer indicator proteins,
under conditions and for a time sufficient for detecting spe-
cific binding of at least one antibody from the biological fluid
to one or more of said pre-diagnostic lung cancer indicator
proteins or antigenic epitopes thereof: and (b) comparing the
specific binding that is detectable by antibodies from the
biological fluid taken at each of said two or more timepoints,
and thereby monitoring lung cancer autoimmune reactivity in
the patient. In certain further embodiments, a first timepoint
occurs before administration of a therapeutic agent to the
patient and a second timepoint occurs after administration of
the therapeutic agent to the patient.

[0028] These and other aspects of the invention will be
evident upon reference to the following detailed description
and attached drawings. All of the U.S. patents, U.S. patent
application publications, U.S. patent applications, foreign
patents, foreign patent applications and non-patent publica-
tions referred to in this specification and/or listed in the Appli-
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cation Data Sheet, are incorporated herein by reference in
their entirety, as if each was incorporated individually.
Aspects of the invention can be modified, if necessary, to
employ concepts of the various patents, applications and pub-
lications to provide yet further embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 shows reproducibility of natural protein
microarrays. (FIG. 1A), Quantitative reproducibility was
assessed by hybridization of the same pooled sample on 6
different microarrays. (FIG. 1B), Pearson correlations
between replicate spots on each of the 6 different microarrays
were all 0.99 and correlations between replicate microarrays
were greater than 0.96. Representative scatter plots were pre-
sented.

[0030] FIG. 2 shows reactivity of annexin I (FIG. 2A),
14-3-3 theta (FIG. 2B), PGP9.5 (FIG. 2C) and LAMR1 (FIG.
2D) containing spotted fractions with all 85+85 CARET sera.
[0031] FIG. 3 shows combined ROC analysis of the
LAMRI, annexin 1 and 14-3-3 theta fractions based on reac-
tivity with all 85+85 CARET sera. The hatched 95% confi-
dence band in the plot was estimated from 500 bootstraps.

DETAILED DESCRIPTION

[0032] The presently disclosed invention embodiments
derive from the surprising discovery, in pre-diagnostic sub-
jects, of autoantibodies that specifically react with one or
more pre-diagnostic lung cancer indicator proteins as
described herein. These embodiments offer unprecedented
advantages associated with early detection of lung cancer in a
subject at a time when the subject otherwise exhibits none of
the previously recognized signs or symptoms of lung cancer.
Accordingly, these and related embodiments will find uses in
screening methods for lung cancer and in methods for diag-
nosing lung cancer in pre-diagnostic subjects, and in other
related methods.

[0033] In particular, and as described in greater detail
below, it has been found unexpectedly that in a biological
fluid from a pre-diagnostic subject, for instance, a subject in
whom lung cancer cannot be diagnosed by any other means,
detection (1) of autoantibodies specific for a LAMR1 protein,
(i) of autoantibodies specific for a LAMRI protein and
autoantibodies specific for an annexin I protein, (iii) of
autoantibodies specific for a LAMRI protein and autoanti-
bodies specific fora 14-3-3 theta protein, (iv) of autoantibod-
ies specific for a LAMRI protein and autoantibodies specific
for an annexin 1 protein and autoantibodies specific for a
14-3-3 theta protein, or (v) of autoantibodies specific for at
least one, two, three, four, five, six, seven, eight or more
proteins selected from a LAMRI protein, annexin I protein,
14-3-3 theta protein, AKR1B10 protein [SEQ ID NO:11],
GOT?2 protein [SEQ ID NO:12], HNRPR protein [SEQ ID
NO:13], PDIA3 protein [SEQ ID NO:14], NME2 protein
[SEQ ID NO:15], RTN4 protein [SEQ ID NO:16], HI1IFX
protein [SEQ ID NO:17], G3BP protein [SEQ ID NO:18],
HSPCA protein [SEQ ID NO:19], and ACTN4 protein [SEQ
ID NO:20], indicates the presence of lung cancer in the sub-
ject. Detection of such autoantibodies in pre-diagnostic sub-
jects precedes the subsequent onset of lung cancer symptoms
and/or the subsequent ability to diagnose lung cancer by other
diagnostic means.

[0034] Without wishing to be bound by theory, itis believed
according to the present disclosure that at a very early stage of
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lung cancer, and in particular in lung cancer that cannot be
detected in a subject by any previously available means for
detecting lung cancer (e.g., imaging or biopsy, or by the
appearance of clinical signs or symptoms), expression of one
or more pre-diagnostic lung cancer indicator proteins, by lung
cancer cells and/or by precancerous cells that are inexorably
committed to progression into lung cancer cells and/or by
other cells associated with such lung cancer or precancerous
cells, elicits an immune response in the subject that results in
the production of one or more detectable antibodies that spe-
cifically bind to the one or more pre-diagnostic lung cancer
indicator proteins. Further according to non-limiting theory,
these antibodies that specifically bind to one or more pre-
diagnostic lung cancer indicator proteins are autoantibodies
that are present in a biological fluid in the pre-diagnostic
subject.

[0035] Accordingly, certain of the preferred embodiments
disclosed herein contemplate a simple, non-invasive diagnos-
tic assay whereby a biological fluid from a pre-diagnostic
subject may be tested for the presence of antibodies (e.g.,
autoantibodies) that specifically bind to one or more pre-
diagnostic lung cancer indicator proteins as provided herein,
and/or that specifically bind to a polypeptide that comprises
one or more antigenic epitopes of one or more pre-diagnostic
lung cancer indicator proteins as provided herein. These and
related embodiments provide screening and diagnostic meth-
ods for lung cancer that are inexpensive, readily amenable to
screening a plurality of subjects such as in a high-throughput
format, and that offer the advantage of lung cancer detection
at an earlier stage in the onset and progression of disease than
is afforded by any previously existing technology.

[0036] The methods described herein may therefore be
used to diagnose lung cancer in a pre-diagnostic subject and/
or to screen one or a plurality of subjects for lung cancer,
which may include any cancer, tumor, neoplasia, malignancy
or other cancer present in the lung, whether by virtue of
having originated in the lung as a spontaneous or primary
tumor, or by having metastasized, invaded, lodged or other-
wise migrated to the lung from a different site. The lung
cancer that is detected according to the presently disclosed
methods may therefore be a non-small cell lung cancer such
as squamous cell carcinoma, adenocarcinoma, large cell car-
cinoma or other non-small cell carcinoma, and may also be a
small-cell carcinoma, but the invention is not intended to be
so limited and also contemplates other lung cancers. For
example, regardless of whether or not a particular lung cancer
can be identified as being a non-small cell lung cancer or
small-cell carcinoma, certain embodiments also contemplate
a lung cancer that can additionally or alternatively be defined
(e.g., typed, classified, characterized or otherwise identified
according to art-accepted criteria) based on its causation and/
or its gerle mutational status. Thus, and as known in the art and
discussed in certain of the publications cited herein, causal or
causative factors such as exposure to environmental insults
including but not limited to toxins, carcinogens, radiation,
free radicals, infectious agents and/or other agents of cancer
causation, and/or inherent or acquired genetic mutations at
any one or more of a large number of known genetic loci in
which particular mutations have been linked to cancer (e.g.,
p53), may underlie certain lung cancers that may but need not
also be amenable to classification by other criteria.

[0037] Certain preferred embodiments contemplate a sub-
ject or biological source that is a human subject such as a
pre-diagnostic subject, which includes a subject in whom
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lung cancer is not detectable by one or more art-accepted
diagnostic methods for lung cancer that were in use prior the
present disclosure. In certain embodiments, the herein
described methods may be practiced using a biological fluid
as provided herein from a patient that has been classified as
being at risk for developing or acquiring lung cancer accord-
ing to art-accepted clinical diagnostic criteria, and in certain
embodiments the patient has been diagnosed as having lung
cancer using previously described diagnostic criteria, which
include criteria by which a given lung cancer may be typed as,
e.g., small-cell or large-cell lung cancer, or as squamous cell
carcinoma, adenocarcinoma, etc., such as the criteria of the
U.S. National Cancer Institute (Bethesda, Md., USA) or as
described in DeVita, Hellman, and Rosenberg’s Cancer:
Principles and Practice of Oncology (2008, Lippincott, Wil-
liams and Wilkins, Philadelphia/Ovid, New York); Pizzo and
Poplack, Principles and Practice of Pediatric Oncology
(Fourth edition, 2001, Lippincott, Williams and Wilkins,
Philadelphia/Ovid, New York); and Vogelstein and Kinzler,
The Genetic Basis of Human Cancer (Second edition, 2002,
McGraw Hill Professional, New York). Certain embodiments
contemplate a human subject that is known to be free of a risk
for having, developing or acquiring cancer by such criteria.

[0038] In certain preferred embodiments of the invention,
the subject or biological source may be suspected of having or
being at risk for having a malignant condition, and in certain
preferred embodiments of the invention the subject or bio-
logical source may be known to be free of a risk or presence
of such disease. Certain embodiments contemplate perform-
ing the methods described herein using a biological fluid from
a pre-diagnostic subject, e.g., a subject in whom lung cancer
is not detectable by one or more art-accepted diagnostic
methods for lung cancer that were in use prior the present
disclosure.

[0039] Those familiar with the art will therefore appreciate
that a subject, including a pre-diagnostic subject, from whom
abiological fluid may be obtained in order to practice certain
herein described screening and/or diagnostic methods, may
be at increased (i.e., in a statistically significant manner rela-
tive to appropriate controls) risk for developing lung cancer,
for example, even where no frank signs or symptoms of lung
cancer are apparent. A subject having an increased risk for
developing lung cancer typically exhibits one or more indi-
cators of increased risk for developing lung cancer. These
indicators of increased risk are known in the art and can be
readily determined, and include but need not be limited to (i)
a history of asbestos exposure, (i) a history of smoking
tobacco products including exposure to second-hand smoke,
(ii1) a history of radon gas exposure, (iv) a history of exposure
to asource ofionizing radiation, (v) a history of recurrent lung
inflammation, (vi) a history of tuberculosis, (vi) a history of
silicosis, berylliosis or talc inhalation, (vii) a family history of
lung cancer in genetically related individuals, (viii) a history
of vitamin A deficiency or vitamin A excess, (ix) a history of
smoking cannabis, and, (ix) a history of exposure to one or
more toxic volatile substances and/or to one or more infec-
tious agents.

[0040] For background on these and other indicators of
increased risk for developing lung cancer, see, e.g., Alberg et
al., Chest 2003, 123:21 S-49S; U.S. Department of Health
and Human Services, Health Consequences of Smoking: A
Report of the Surgeon General (2004); Institute of Medicine
(IOM) National Cancer Policy Board. Fulfilling the Potential
of Cancer Prevention and Early Detection, Curry S ], Byers
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T, Hewitt M (eds), National Academies Press, Washington,
D.C., 2003; National Institutes of Health/National Cancer
Institute, Smoking Tobacco control monograph 9: Cigars,
health effects and trends, NIH Publication No. 98-4302,
Bethesda, Md., U.S. Department of Health and Human Set-
vices, 1998; Boffetta et al., Journal of the National Cancer
Institute 1999, 91:697-701; National Research Council
(NRC), Committee on Passive Smoking, Environmental
Tobacco Smoke: Measuring Exposures and Assessing Health
Effects (1986); U.S. Environmental Protection Agency, Res-
piratory Health Effects of Passive Smoking, (1992); Interna-
tional Agency for Research on Cancer (IARC), IARC Mono-
graphs on the Evaluation of Carcinogenic Risks to Humans
and their Supplements, A complete list: Involuntary Smoking,
Volume 83 (2002); International Agency for Research on
Cancer (IARC), IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans and their Supplements, A
complete list: Overall Evaluations of Carcinogenicity: An
Updating of IARC Monographs Volumes 1 to 42. (1987); U.S.
Department of Health and Human Services, Public Health
Service, National Toxicology Program, Report on Carcino-
gens, Eleventh Fdition (2004); International Agency for
Research on Cancer (IARC), IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans and their
Supplements, A complete list: Some Metals and Metallic
Compounds and Arsenic and Arsenic Compounds, Volume 23
(1980); Etzel et al., Cancer Research 2003; 63:8531-8535;
Brownson et al., International Journal of Epidemiology
1997; 26:256-263; Bromen et al., American Journal of Epi-
demiology 2000; 152:497-505; Mayne et al., Cancer Epide-
miology, Biomarkers & Prevention 1999; 8:1065-1069;
World Cancer Research Fund/American Institute for Cancer
Research, Food, Nutrition and the Prevention of Cancer: A
global perspective, Washington, D.C., American Institute for
Cancer Research, 2007.

[0041] Inpreferred embodimentsa biological fluid contain-
ing one or more antibodies is obtained from a subject (e.g., a
pre-diagnostic subject) and contacted with at least one iso-
lated pre-diagnostic lung cancer indicator protein, to detect
the presence or absence in the biological fluid of an antibody
that is capable of specifically binding to one or more of the
pre-diagnostic lung cancer indicator proteins. Biological flu-
ids are typically liquids at physiological temperatures and
may include naturally occurring fluids present in, withdrawn
from, expressed by or otherwise extracted from a subject or
biological source (e.g., a human subject such as a pre-diag-
nostic subject or a patient, or a biological sample obtained
directly or indirectly therefrom, such as a blood sample,
biopsy specimen, tissue explant, organ culture or any other
tissue or cell preparation from which an antibody-containing
fluid can be prepared).

[0042] Certain biological fluids derive from particular tis-
sues, organs or localized regions and certain other biological
fluids may be more globally or systemically situated in a
subject or biological source. Examples of biological fluids
include blood, serum and serosal fluids, plasma, lymph, urine,
cerebrospinal fluid, saliva, mucosal secretions of the secre-
tory tissues and organs, vaginal secretions, ascites fluids such
as those associated with non-solid tumors, fluids of the pleu-
ral, pericardial, peritoneal, abdominal and other body cavi-
ties, and the like. Biological fluids may also include liquid
solutions contacted with a subject or biological source, for
example, cell and organ culture medium including cell or
organ conditioned medium, lavage fluids and the like. In
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certain highly preferred embodiments the biological sample
is serum, and in certain other highly preferred embodiments
the biological sample is plasma. In other preferred embodi-
ments the biological sample is a cell-free liquid solution.
[0043] It is contemplated that in certain embodiments the
antibodies are present in the biological fluid at the time of
contacting with the pre-diagnostic lung cancer indicator pro-
tein(s), but the invention is not so limited and also contem-
plates embodiments in which the antibodies are isolated from
the biological fluid prior to the step of contacting. The term
“isolated” means that the material is removed from its origi-
nal environment (e.g., the natural environment if it is natu-
rally occurring). For example, a naturally occurring antibody
(e.g., autoantibody), polypeptide or polynucleotide present in
a living subject (e.g., a pre-diagnostic subject or a patient) is
notisolated, but the same antibody, polypeptide or polynucle-
otide, separated from some or all of the co-existing materials
in the natural system, is isolated. Such antibodies, polypep-
tides or polynucleotides could be part of a composition, and
still be isolated in that such composition is not part of its
natural environment.

[0044] Isolation of antibodies may be achieved according
to any of a wide variety of methodologies with which persons
skilled in the art will be familiar, including biochemical and/
or immunological methods. Suitable biochemical techniques
may include differential precipitation (e.g., as a function of
salt or other solute concentration, for example, ammonium
sulfate or sodium sulfate or polyethylene glycol (PEG) or the
like), gel filtration chromatography, ion exchange chroma-
tography, affinity chromatography (e.g.. using lectin affinity
or Staphylococcal protein A/protein G or mimetic affinity),
hydrophobic interaction chromatography, chromatofocusing
or isoelectric focusing (IEF) including free-fluid recycling
IEF, high performance liquid chromatography (HPLC) or any
of a number of other biochemical techniques such as well
known separation techniques. Suitable immunochemical
techniques include, but need not be limited to, immunoaffin-
ity chromatography, immunoprecipitation, solid phase
immunoadsorption or other immunoaffinity methods. For
these and other useful techniques, see, for example, Scopes,
R. K., Protein Purification: Principles and Practice, 1987,
Springer-Verlag, NY; Weir, D. M., Handbook of Experimen-
tal Immunology, 1986, Blackwell Scientific, Boston; and Het-
manson, G. T. et al., Immobilized Affinity Ligand Techniques,
1992, Academic Press, Inc., California.

[0045] The term “antibodies” includes immunoglobulins
such as polyclonal antibodies, monoclonal antibodies, frag-
ments thereof such as F(ab'),, and Fab fragments, as well as
any naturally occurring immunoglobulin variable (V) region
complementarity determining region (CDR)-containing
binding partners (also including in certain embodiments anti-
gen-binding CDR-containing T cell receptor polypeptides
which are encoded by members of the immunoglobulin gene
superfamily, whilst certain other embodiments expressly
exclude such T cell-derived polypeptides), which are mol-
ecules that specifically bind a pre-diagnostic lung cancer
indicator protein.

[0046] As described in greater detail below, particularly
preferred embodiments relate to detection in abiological fluid
from a pre-diagnostic subject of antibodies that are autoanti-
bodies, i.e., antibodies that specifically recognize and bind to
“self” antigenic epitopes that may also be found in the sub-
ject. Briefly, it is well accepted in the art that the immune
system (e.g., adaptive immune system) is typically character-
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ized as distinguishing foreign agents (or “non-self”) agents
from familiar or “self” components, such that foreign agents
elicitimmune responses while “self” components are ignored
or tolerated. Exceptions to this paradigm arise, however, in
the case of autoantibody generation, whereby a host immune
system produces antibodies that react with “self” antigens.
See, e.g., Theofilopoulos and Bona, The Molecular Pathology
of Autoimmune Diseases, CRC Press, Boca Raton, Fla., 2002;
Doria et al., Handbook of Systemic Autoimmune Diseases
(Vols. 1-9), Elsevier, N.Y., 2004-2008; Roitt et al., Immunol-
ogy (6™ Ed.), Mosby, N.Y., 2001, Ch. 26. Accordingly and as
described herein, there are provided the present embodiments
in which an autoantibody is detected in the lung cancer diag-
nostic methods, wherein the autoantibody detectably and spe-
cifically binds to a pre-diagnostic lung cancer indicator pro-
tein, which protein may be a “self” component in the pre-
diagnostic subject.

[0047] Antibodies are defined to be “immunospecific” or to
be capable of specifically binding if they bind a pre-diagnos-
tic lung cancer indicator protein (or a polypeptide that com-
prises one or more antigenic epitopes of such a protein) with
a K, of greater than or equal to about 10* M, preferably of
greater than or equal to about 10° M, more preferably of
greater than or equal to about 10° M™* and still more prefer-
ably of greater than or equal to about 107 M~*.

[0048] Affinities of binding partners or antibodies can be
readily determined using conventional techniques, for
example those described by Scatchard et al., Ann. N.Y. Acad.
Sci. 51:660 (1949), or by surface plasmon resonance (SPR)
spectroscopy. or by any of a number of other known methods
for identifying and characterizing antibodies or antibody-
derived proteins that specifically interact with cognate anti-
gens via recognition and binding of antigenic epitopes. For
instance, to detect an antibody that specifically binds to a
pre-diagnostic lung cancer indicator protein (or a polypeptide
that comprises one or more antigenic epitopes of such a
protein), there are a variety of assay formats, including but not
limited to enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), immunofluorimetry, immunopre-
cipitation, equilibrium dialysis, immunodiffusion and other
techniques. See, e.g., Harlow and Lane, Antibodies: A Labo-
ratory Manual, Cold Spring Harbor Laboratory, 1988; Weir,
D. M., Handbook of Experimental Immunology, 1986, Black-
well Scientific, Boston. See, e.g., Coligan et al. (Eds.), Cur-
rent Protocols in Immunology (2007 John Wiley & Sons,
NY); Harlow and Lane, Antibodies: A Laboratory Manual
(1988 Cold Spring Harbor Press, Cold Spring Harbor, N.Y);
Harlow and Lane, Using Antibodies (1999 Cold Spring Har-
bor Press, Cold Spring Harbor, N.Y.). Therein can also be
found parameters for designing immunoassay conditions,
including conditions and incubation times that will be suffi-
cient for detection of specific binding of an antibody to its
cognate antigen.

Pre-Diagnostic Lung Cancer Indicator Protein

[0049] As described herein, the present embodiments relate
to detecting the presence in a biological fluid from a pre-
diagnostic subject of an antibody that specifically binds to
one or more isolated pre-diagnostic lung cancer indicator
proteins. A pre-diagnostic lung cancer indicator protein thus
may include any one or more of a number of target antigens
for which the presence in a biological sample from a pre-
diagnostic subject of a specifically reactive cognate antibody
indicates that the subject has lung cancer. As is well known in
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the immunological art, specifically-binding antibodies define
antigenic epitopes on their cognate antigens, 1.e., the molecu-
lar structure with which the antibody’s antigen-combining
site interacts. For example, an antigenic epitope of a pre-
diagnostic lung cancer indicator protein may be defined by a
region of protein primary structure (e.g., amino acid
sequence), by protein secondary structure (e.g., a localized
structure that is spatially defined such as may be formed by a
common motif or repetitive domain, e.g, alpha-helix, beta-
sheet, etc.), by protein tertiary structure (e.g., by three-dimen-
sional structure that is created by protein folding or confor-
mation) or by quarternary structure (e.g., by the interaction of
two or more polypeptide subunits, as in a complex or oligo-
mer). Antigenic epitopes may additionally or alternatively be
defined in whole or in part by post-translational modifications
to pre-diagnostic lung cancer indicator proteins, including by
virtue of direct involvement of the post-translational modifi-
cation in formation of the epitope structure and also includ-
ing, e.g., conformational epitopes the presence of which may
depend on the presence of a particular post-translational
modification. Accordingly, certain embodiments described
herein contemplate use of an intact pre-diagnostic lung can-
cer indicator, which may bear one, two, three, four, five, six or
more antigenic epitopes that can be defined by antibody reac-
tivities, while certain other embodiments contemplate use of
an isolated protein or polypeptide that comprises one or more
antigenic epitopes of one or more pre-diagnostic lung cancer
indicator proteins.

[0050] A pre-diagnostic indicator protein thus may be (i) a
naturally occurring protein or polypeptide, (ii) a synthetic
protein or polypeptide, (iii) arecombinant protein or polypep-
tide, or (iv) a fusion protein or polypeptide that comprises a
fusion polypeptide domain fused to the pre-diagnostic indi-
cator protein, or to the polypeptide that comprises one or
more antigenic epitopes of the pre-diagnostic indicator pro-
tein. A pre-diagnostic indicator protein may be one or more of
anon-posttranslationally modified protein, a posttranslation-
ally modified protein, for example, a glycoprotein, a lipopro-
tein, a phosphoprotein, a proteolipid, a glycosylphosphati-
dylinositol-modified (“glypiated”) protein, a ubiquitinylated
protein, a small ubiquitin-like modifier-modified (“SUMOy-
lated”, Hay, 2005 Mol. Cell 18:1-12) protein, a sulfated pro-
tein and a glycated protein, and may (including in certain
preferred embodiments) also be a posttranslationally modi-
fied protein in which one or more of the posttranslational
modifications results in immunogenicity. Criteria and meth-
odologies for distinguishing among these and other classes of
post-translationally modified proteins (or unmodified pro-
teins) will be known to those familiar with the relevant art, as
also will be methodologies for determining whether immu-
nogenicity, including for example the formation of one or
more particular antibody—{e.g., autoantibody) defined
epitopes, resides in the structure formed by a posttranslational
modification (e.g., Ahmed, Principles and Reactions of Pro-
tein Extraction, Purification, and Characterization, Taylor &
Francis, N, 2007; Scopes, R. K., Protein Purification: Prin-
ciples and Practice, 1987, Springer-Verlag, NY; Coligan et al.
(Eds.), Current Protocols in Immunology (2007 John Wiley &
Sons, NY)).

[0051] Based onthe disclosure herein and knowledge in the
art concerning the making and testing of synthetic, recombi-
nant and/or fusion polypeptides and proteins, it will also be
appreciated that through routine methodologies non-natu-
rally occurring polypeptides and proteins can be constructed
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and immunologically (and/or structurally) probed for the
presence of antibody-reactive epitopes. Exemplary method-
ologies may be found, for example, in e.g., Bonificano et al.
(Eds.) Current Protocols in Cell Biology, 2007 John Wiley &
Sons, NY; Ausubel et al. (Eds.) Current Protocols in Molecu-
lar Biology, 2007 John Wiley & Sons, NY; Coligan et al.
(Eds.), Current Protocols in Immunology, 2007 John Wiley &
Sons, NY; Robinson et al. (Eds), Current Protocols in Cytom-
etry, 2007 John Wiley & Sons, NY. For instance, an antigenic
epitope that can be specifically recognized by an autoanti-
body from a pre-diagnostic subject having lung cancer may
be a truncated pre-diagnostic lung cancer indicator protein
such as a functional fragment thereof, e.g., a portion of the
protein that retains the antigenic epitope as can be readily
determined by immunological cross-reactivity with the
epitope-bearing, full length intact protein.

[0052] As also noted above, according to non-limiting
theory the presence of lung cancer induces generation by the
host immune system of antibodies reactive with the herein
described pre-diagnostic lung cancer indicator protein(s),
even in a pre-diagnostic subject, i.e., at a time when lung
cancer is undetectable in the subject by any diagnostic means
of the prior art, including in the absence of any signs or
symptoms of lung cancer in the subject. Without wishing to
be bound by theory, it is contemplated that certain pre-diag-
nostic lung cancer indicator protein-reactive antibodies (in-
cluding in preferred embodiments autoantibodies) are genet-
ated by the pre-diagnostic subject’s immune system in
response to immune recognition of one or more pre-diagnos-
tic lung cancer indicator proteins that may be expressed by
lung cancer cells and/or by precancerous cells that are inexo-
rably committed to progression into lung cancer cells and/or
by other cells associated with such lung cancer or precancer-
ous cells. The invention embodiments need not, however, be
so limited, and also contemplate certain other pre-diagnostic
lung cancer indicator protein-reactive antibodies (including
in preferred embodiments autoantibodies) the production of
which in the subject may be elicited by aberrant immune
function, or serendipitously by cross-reactive antigens to give
rise to heteroclitic antibodies (e.g., antibodies that react more
strongly with antigens other than those used to elicit their
production).

[0053] As described in greater detail below, certain particu-
larly preferred embodiments relate to diagnostic and screen-
ing methods in which the pre-diagnostic lung cancer indicator
protein is the laminin receptor precursor protein known as
LAMRI1, which may be any one of a set of related protein
isoforms (including allelotypes) believed to be encoded by a
common gene and identified in several different forms that
differ in molecular weight, oligomeric state, post-transla-
tional modification, supramolecular associations, cell source
and presumed function, as described below. For example,
LAMRI proteins include the 295 amino acid, 33 kDa laminin
receptor precursor, and may also occur as a ribosomal 403
subunit-associated protein, and may also occur as an oncofe-
tal antigen and/or as a eukaryotic cell prion receptor (e.g.,
accession numbers IP100411639.1; 1P100413108.4;
1P100553164.4; 1P100790580.1; 1P100793905.1; SEQ ID
NOS:6-10).

[0054] In certain related embodiments one or both of the
pre-diagnostic lung cancer indicator proteins Annexin 1 and
14-3-3 theta protein may also be used. Annexin proteins
including annexin I may have variable posttranslationally
added glycosylation patterns, which may contribute to immu-
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nogenicity of the resulting glycoproteins. Annexin 1 proteins
thus include glycoforms and other isoforms (and further
include allelotypes) of the cytoplasmic calcium-dependent
phospholipid-binding annexin I member of the annexin fam-
ily of conserved proteins that is widely expressed in eukary-
otic cells (e.g., accession numbers IP100218918.5;
1P100549413.2; TP100643231.1; SEQ ID NOS:1-3; see also,
e.g., Brichory etal., 2001 Proc. Nat. Acad. Sci. US4 98:9824;
U.S. Pat. No. 6,645,465).

[0055] 14-3-3 theta proteins include isoforms (and further
include allelotypes) of the 14-3-3 theta gene products, which
are embers of the widely expressed 14-3-3 protein family
involved in signal transduction and cell cycle control; 14-3-3
theta proteins also include phosphorylated, acetylated,
cleaved, and truncated variants (see, e.g., Pereira-Faca et al.,
2007 Canc. Res. 67:12000). Exemplary sequences are set
forth below (e.g., accession numbers IP100018146.1;
1P100796727.1; SEQ ID NOS:4-5).

[0056] Incertainrelated embodiments one, two, three, four,
five, six, seven, eight or more of the pre-diagnostic lung
cancer indicator proteins AKR1B10 protein [SEQ ID
NO:11], GOT2 protein [SEQ 1D NO:12], HNRPR protein
[SEQ ID NO:13], PDIA3 protein [SEQ ID NO:14], NME2
protein [SEQ ID NO:15], RTN4 protein [SEQ ID NO:16],
HITFX protein [SEQ ID NO:17], G3BP protein [SEQ ID
NO:18], HSPCA protein [SEQ ID NO:19], and ACTN4 pro-
tein [SEQ ID NO:20] may, additionally or alternatively, be
used. (See, e.g., Table 5.)

[0057] As known in the art “similarity” between two
polypeptides is determined by comparing the amino acid
sequence and conserved amino acid substitutes thereto of the
polypeptide to the sequence of a second polypeptide. Simi-
larity between two polypeptide (or encoding polynucleotide)
sequences, or ever the percent identity, may be readily deter-
mined by comparing sequences using computer algorithms
well known to those of ordinary skill in the art, such as the
BLAST algorithm (Altschul, J. Mol Biol 219:555-565,
1991; Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA
89:10915-10919, 1992), which is available at the NCBI web-
site (http://'www/ncbi.nlm.nih.gov/cgi-bin/BLAST). Default
parameters may be used. Examples of other useful computer
algorithms are those used in programs such as Align and
FASTA, which may be accessed, for example, at the Genes-
tream internet website of the Institut de Genetique Humaine,
Montpellier, France (www?2.igh.cnrs.fr/home.eng.html) and
used with default parameters. Fragments or portions of the
pre-diagnostic lung cancer indicator proteins or polypeptides
derived therefrom may be employed in certain herein dis-
closed embodiments, which fragments or portions retain at
least one antigenic epitope that is capable of being specifi-
cally recognized by an antibody from a biological fluid of a
pre-diagnostic subject having lung cancer, and which may
have at least 50, 60, 70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97,
98, or 99 percent identity to the herein disclosed pre-diagnos-
tic lung cancer indicator protein sequences.

[0058] The methods to be practiced according to certain
herein disclosed embodiments may involve any convenient
format for interrogating a biological fluid, as provided herein,
for the presence of one or more antibodies that are capable of
specifically binding to a pre-diagnostic lung cancer indicator
protein as provided herein. Alternatively, certain embodi-
ments may involve any convenient format for interrogating an
antibody-containing fraction that has been isolated from a
biological fluid, as provided herein, for the presence of one or
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more antibodies that are capable of specifically binding to a
pre-diagnostic lung cancer indicator protein as provided
herein.

[0059] As also noted above, any of a number of convenient
formats may be employed for contacting one or more anti-
bodies from a pre-diagnostic biological fluid with an isolated
pre-diagnostic lung cancer indicator protein to detect specific
antibody binding to the indicator protein, including but not
limited to enzyme linked immunosorbent assay (ELISA),
surface plasmon resonance (SPR) spectroscopy, western blot
immunoassay, radioimmunoassay (RIA), immunofluorim-
etry, immunoprecipitation, equilibrium dialysis, immunodif-
fusion and other techniques. See, e.g., Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Labo-
ratory, 1988; Weir, D. M., Handbook of Experimental Immu-
nology, 1986, Blackwell Scientific, Boston. See, e.g., Coligan
et al. (Eds.), Current Protocols in Immunology (2007 John
Wiley & Sons, NY); Harlow and Lane, Antibodies: A Labo-
ratory Manual (1988 Cold Spring Harbor Press, Cold Spring
Harbor, N.Y.); Harlow and Lane, Using Antibodies (1999
Cold Spring Harbor Press, Cold Spring Harbor, N.Y.).

[0060] Briefly, for example by way of illustration and not
limitation, one or more isolated pre-diagnostic lung cancer
indicator proteins (or polypeptides comprising at least one
antigenic epitope of a pre-diagnostic lung cancer indicator
protein) may be immobilized on a solid-phase substrate,
which may be non-covalent immobilization (e.g., by passive
adsorption to the solid phase) or covalent immobilization
(e.g., by chemically crosslinking the protein or polypeptide to
the solid phase using any of a number of well known func-
tional groups). The biological fluid from a pre-diagnostic
subject is then contacted with the solid phase, under condi-
tions and for a time sufficient for specific binding of at least
one antibody from the fluid to be detected, which may typi-
cally include an incubation period to permit such binding
followed by a washing step to remove any non-specifically
binding components of the biological fluid. The specifically
bound antibody may then be detected by any of a number of
means for detecting, for example, by mass spectrometric shift
if SPR is used, or as another example, by further contacting
the solid phase with a detectably labeled secondary (or “sec-
ond stage”) antibody such as an anti-immunoglobulin (e.g., a
rabbit anti-human immunoglobulin) followed, after a suitable
incubation period and conditions with which the skilled arti-
san will be familiar, by another washing step to remove
unbound secondary antibody, after which the detectable label
may be detected and compared to one or more appropriate
controls for purposes of determining whether an antibody that
specifically binds to a pre-diagnostic lung cancer indicator
protein is present. It will be appreciated that other assay
techniques, formats and configurations may also be
employed. As described herein, detection of an antibody, in a
biological fluid from a pre-diagnostic subject, that specifi-
cally binds to a pre-diagnostic lung cancer indicator protein
as provided herein, indicates that the pre-diagnostic subject
has lung cancer.

[0061] Accordingly and in certain embodiments, detection
of antibody binding to a pre-diagnostic lung cancer indicator
protein (or to a polypeptide that comprises one or more anti-
genic epitopes therefrom) may comprise detection using a
specific, detectably labeled secondary reagent (such as an
anti-immunoglobulin antibody, or Staphylococcal protein A
or protein G or an immunologically active fragment thereof or
a mimetic thereof that specifically binds a human immuno-
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globulin constant region) that contains a detectable reporter
moiety or label such as an enzyme, dye, radionuclide, lumi-
nescent group, fluorescent group or biotin, or the like. The
amount of the detectably labeled secondary reagent that
remains bound to the pre-diagnostic lung cancer indicator
protein (or to the polypeptide that comprises one or more
antigenic epitopes therefrom) is then determined using a
method appropriate for the specific detectable reporter moi-
ety or label. For radioactive groups, scintillation counting or
autoradiographic methods are generally appropriate. Anti-
body-enzyme conjugates may be prepared using a variety of
coupling techniques (for review see, e.g., Scouten, W. H.,
Methods in Enzymology 135:30-65, 1987). Spectroscopic
methods may be used to detect dyes (including, for example,
colorimetric products of enzyme reactions), luminescent
groups and fluorescent groups. Biotin may be detected using
avidin or streptavidin, coupled to a different reporter group
(commonly aradioactive 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, spectrophotometric or other
analysis of the reaction products.

[0062] Inaddition to providing embodiments that find uses
as methods for diagnosing lung cancer and/or screening
methods for lung cancer, e.g., convenient testing of biological
fluids from a plurality of subjects such as a population of
subjects that may be at increased risk for developing lung
cancer, for instance, by virtue of having one or more indica-
tors of increased risk for developing lung cancer as described
above, other embodiments contemplated herein relate to a
method of monitoring lung cancer autoimmune reactivity ina
lung cancer patient. According to these and related embodi-
ments, a subject that has already been diagnosed with lung
cancer may exhibit qualitative and/or quantitative changes in
the antibodies that are present in biological fluid at different
points in time.

[0063] For instance, such changes from a first timepoint to
a second timepoint may reflect progression of the disease. As
another example, antibody reactivity against one or more
pre-diagnostic lung cancer indicator proteins (or polypep-
tides comprising epitopes derived therefrom) may be tested at
one or a plurality of timepoints before, during or after admin-
istration to the lung cancer patient of a therapeutic agent.
Detection of autoantibody binding over time may therefore
provide a means for monitoring the cancer status of the
patient, such as indicating whether the patient is responding
to therapy, and/or whether the patient may be in remission or
may be relapsing. Determination of quantitative and qualita-
tive changes over time in lung cancer indicator protein-reac-
tive antibodies as disclosed herein is within the capability of
the art, for instance, by using established immunochemical
methodologies for assaying the amount of autoantibody in a
patient’s biological fluid, or the affinities of autoantibodies in
the biological fluid, or a change in the isotypes of the autoan-
tibodies, or a change in the antigen- and/or epitope specifici-
ties of the antibodies (e.g., autoantibodies) that are detected in
the cancer patient’s biclogical fluid.

[0064] Accordingly, there is provided in certain represen-
tative embodiments a method of monitoring lung cancer
autoimmune reactivity in a lung cancer patient, comprising
contacting, after each of two or more timepoints, (i) one or
more antibodies from a biological fluid that is taken from a
subject at each of said timepoints, and (ii) a test antigen that
may be one or more isolated pre-diagnostic lung cancer indi-
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cator proteins, or that may instead be one or more isolated
proteins or polypeptides that comprise one or more antigenic
epitopes of one or more pre-diagnostic lung cancer indicator
proteins, under conditions and for a time sufficient for detect-
ing specific binding of at least one antibody from the biologi-
cal fluid to one or more of the pre-diagnostic lung cancer
indicator proteins or antigenic epitopes thereof; and compar-
ing the specific binding that is detectable by antibodies from
the biological fluid taken at each of the two or more time-
points, and thereby monitoring lung cancer autoimmune
reactivity in the patient. Two, three, four, five, six, seven,
eight, nine, ten or more timepoints may be identified in order
to practice these and related embodiments, as may be indi-
cated for the appropriate monitoring of the lung cancer
patient’s autoimmune reactivity. For instance, a first time-
point may occur before administration of a therapeutic agent
to the patient, and the second and subsequent timepoints may
occur after administration of the therapeutic agent to the
patient.

[0065] It is also contemplated according to certain other
embodiments based on the disclosure made herein that the
present compositions and methods may permit subtyping ofa
tumor in a subject (including but not limited to a pre-diag-
nostic subject), and may also permit subtyping of a plurality
of patients, on the basis of the qualitative and/or quantitative
autoantibody reactivity that can be detected against one or
more of the pre-diagnostic lung cancer indicator proteins as
provided herein. Thus, for example, accumulation of data
obtained according to the herein disclosed methods may lead
to more specific diagnostic information beyond the detection
of the presence of lung cancer, such as the degree of progres-
sion or other qualitative and/or quantitative criteria by which
the cancer can be characterized.

[0066] Additionally or alternatively, it is contemplated that
detection of one or more autoantibodies specific for one or
more of the pre-diagnostic lung cancer indicator proteins as
provided herein may usefully define the histological subtype
of one or more given lung cancers. For example, a lung cancer
detected according to the present disclosure may be a primary
tumor originating in the lung, or may instead be a lung cancer
that results from metastasis to the lung of cancer cells origi-
nating in a distinct anatomical site, such as breast carcinoma,
colorectal carcinoma, head and neck squamous cell carci-
noma, gastrointestinal carcinoma, testicular cancer or any
number of other potential primary tumors having distinct
sites of origin. Information obtained through the practice of
these and related embodiments may provide the clinician
with important data for the formulation of an effective thera-
peutic strategy, given that tumors of different origins may
respond differentially (or not at all) to different anti-cancer
treatment regimens.

[0067] Application of the herein described proteomics
approach for the identification of additional pre-diagnostic
lung cancer indicator proteins, is also contemplated.

[0068] The following Examples are presented by way of
illustration and not limitation.

EXAMPLES

[0069] In the present Examples, pre-diagnostic sera were
utilized to determine if a set of antigens consisting of annexin
1, PGP9.5 and 14-3-3 theta previously found to be associated
with autoantibodies at the time of diagnosis discriminate
between cases and control prior to onset of symptoms, and for
discovery of additional antigens. Evidence is presented for
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the occurrence of autoantibodies against a novel antigen,
LAMRYI, in lung cancer, along with evidence for occurrence
of autoantibodies against annexin I, 14-3-3 theta and LAMRI1
in pre-diagnostic sera.

[0070] A highthroughput platform for quantitative analysis
of serum autoantibodies was applied to lung cancer for dis-
covery of novel antigens, and for validation in pre-diagnostic
sera of autoantibodies to antigens previously defined based on
analysis of sera collected at the time of diagnosis.

[0071] Proteins from human lung adenocarcinoma cell line
A549 lysates were subjected to extensive fractionation. The
resulting 1824 fractions were spotted in duplicate on nitro-
cellulose coated slides. The microarrays produced were uti-
lized in a blinded validation study to determine whether
annexin I, PGP9.5, and 14-3-3 theta antigens previously
found to be targets of autoantibodies in newly diagnosed
subjects with lung cancer were associated with autoantibod-
ies in sera collected at the pre-symptomatic stage and to
determine whether additional antigens may be identified in
pre-diagnostic sera. Individual sera collected from 85 sub-
jects within a year prior to a diagnosis of lung cancer and 85
matched controls from the CARET cohort were hybridized to
individual microarrays.

[0072] Evidence is presented herein for the occurrence in
pre-diagnostic lung cancer sera of autoantibodies to annexin
1, 14-3-3 theta, and a novel lung cancer antigen, LAMRI.
Detectable appearance of these autoantibodies preceded
onset of lung cancer symptoms and also preceded diagnosis
of lung cancer by any other means. Diagnosis of lung cancer
before onset of symptoms is thus described herein, by screen-
ing for autoantibodies specific for pre-diagnostic lung cancer
indicator proteins as the defined antigens.

Example 1
Materials and Methods
Materials
[0073] Nitrocellulose-coated FAST slides were purchased

from Whatman (Sanford, Me.). Alexa 647-labeled anti-hu-
man IgG and recombinant protein arrays were purchased
from Invitrogen (Carlsbad, Calif.).

Serum Samples

[0074] Serum samples and controls were obtained follow-
ing informed consent. Sera from newly diagnosed lung can-
cer patients and matched controls were collected through the
Community Clinical Oncology Program at the University of
Michigan. Pre-diagnostic blood samples from lung cancer
patients and matched controls were randomly chosen in pairs
from the CARET serum bank (Goodman etal., J Natl Cancer
Inst96:1743-50,2004; Omenn etal., N Engl J Med334:1150-
5, 1996). The distribution of histology and time from blood
draw to diagnosis for the 85 pre-diagnostic lung cancer cases
are shown in Tables 1 and 2.

[0075] Natural Protein Microarray Production

[0076] 50 mg proteins from the human lung adenocarci-
noma cell line A549 lysates were first separated by anion
exchange HPLC, followed by reverse-phase chromatography
as described previously (Wang and Hanash, ] Chromatogr B
Analyt Technol Biomed Life Sci 787:11-8, 2003). A total of
1,824 fractions were collected from the 2-dimensional sepa-
ration. FR_XX_YY denotes the YYth fraction from the RP-
HPLC of the XXth fraction from the AEX. Fractions were
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lyophilized and re-suspended in 25 ul printing buffer (250
mM Tris-HCl, pH 6.8, 0.5% SDS, 25% Glycerol, 0.05%
TritonX-100, 62.5 mM DTT). All 1,824 fractions, together
with printing buffer as negative control and purified human
1gG as positive controls, were printed in duplicate onto nitro-
cellulose-coated slides using a contact printer. These slides
were designated as “full A549 natural protein microarrays.”
An A549 natural protein microarray containing selected frac-
tions (targeted array) was produced in a similar way, whereby
only selected fractions of interest (Fr_00_84,Fr_ 0938, Fr
15_39 and Fr 15_46) were printed in duplicate on 16-pad
FAST slides.

[0077]

[0078] Serum samples were hybridized with protein
microarrays using an indirect immunofluorescence protocol
and local background subtracted median spot intensities for
downstream statistical analysis were generated as described
previously (Qiu et al., J Proteome Res 3:261-7, 2004).

[0079]

[0080] Samples were trypsin-digested and subjected to
mass spectrometry analysis on an LTQ-Orbitrap as described
previously (Faca et al., J Proteome Res 6:3558-65, 2007).

[0081] Statistical Analysis

[0082] Intensity data were linear normalized to make the
25th and 75th percentiles of the distribution of the intensities
for each sample agree exactly with the average of the 25th and
75th percentiles of all samples by linear transformations.
Linear normalized data were then standardized fraction-by-
fraction. Each sample/fraction intensity was subtracted off
the mean of the same fraction for all samples in the same
printing batch and divided by the standard deviation of the
fraction for all samples in the corresponding printing batch. A
two-sample t-test was applied to each single fraction to com-
pare the difference in mean intensity between cancers and
controls.

[0083] The discriminatory capacity of selected fractions
was also evaluated by the Receiver Operating Characteristic
(ROC) curve. The area under the curve (AUC) was calculated
which corresponds to the Mann-Whitney statistic. Parallel
analyses using a generalized version of the “real boosting”
algorithm with 10-fold cross-validation was also performed
on the 1824 fractions to select the best combination of frac-
tion(s) that can discriminate between cases and controls
(Friedman et al., Annals of Statistics 28:337-407, 2000; Yasui
et al., Biostatistics 4:449-63, 2003). The results were treated
as part of a separate biomarker discovery process. Even if a
promising fraction was identified as a previously-identified
antigen associated with lung cancer, it was treated as an
independent confirmation of the previous findings rather than
as part of the validation study because that antigen had not
been established for validation at the design stage of the study.

[0084] For combined analysis, the markers were integrated
by a summation of the dichotomized markers, whereby each
marker was dichotomized by its optimal cutoff point which
corresponds to the minimum classification error rate. The
95% confidence interval (CI) band of the ROC curve was
estimated from 500 bootstrap procedures. The combination
rule was treated as a “discovered biomarker” and was
regarded as amenable to further validation; however, it pro-
vided information on the complementarities of informative
antigens.

Detection of Autoantibodies in Serum Specimens

Mass-Spectrometry Analysis
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Example 2
Results

[0085] Validation Study of Autoantibodies to Annexin I,
PGP9.5, and 14-3-3 Theta in Pre-Diagnostic Sera

[0086] Annexin I, PGP9.5 and 14-3-3 theta were previ-
ously identified as inducing an autoantibody response in lung
cancer, based on 2D Western analysis of sera from newly
diagnosed subjects with lung cancer (Brichory et al., Cancer
Res 61:7908-12, 2001; Brichory et al., Proc Natl Acad Sci
US4 98.9824-9, 2001; Pereira-Faca et al.,, Cancer Res
67:12000-6, 2007). Natural protein microarrays were devel-
oped to screen tumor-derived proteins for antigens that
induce autoantibodies, based on extensive protein fraction-
ation followed by spotting of aliquots from individual frac-
tions (Madoz-Gurpide et al., Proteomics 1:1279-87, 2001).
Natural protein containing microarrays were utilized to inves-
tigate the occurrence of autoantibodies to annexin I, PGP9.5
and 14-3-3 theta reactivity in pre-diagnostic sera. Serum
specimens from the CARET cohort, which consisted of sub-
jects at increased risk for lung cancer followed longitudinally
(Omenn et al., N Engl J Med 334:1150-3, 1996), were relied
upon to investigate the occurrence of autoantibodies to lung
cancer antigens within a year prior to diagnosis. Each case
and control pair was matched for age at enrollment (5-year
intervals), sex, intervention arm (active vitamins or placebo),
exposure population (asbestos or heavy smoker), baseline
smoking status (active or former), year of enrollment, and
year of blood draw. Eighty-five pre-diagnostic lung cancer
specimens and an equal number of matched controls were
utilized for this study (Tables 1, 2).

[0087] A549 natural protein microarrays were prepared
from 2-D separations of a batch of A549 cell lysates. Quan-
titative reproducibility of microarrays was assessed by repli-
cate analysis. Reproducibility across microarrays was
assessed by hybridization of the same sample on different
microarrays. Reproducibility within slides was assessed by
replicate spots on the same microarray. Correlation of repli-
cate spot intensity measures in the same microarray was 0.99.
(FIG. 1A) Correlation of spot intensity measures between
different microarrays hybridized with the same sera was 0.96
(FIG. 1B). The median IgG reactivity for cancer samples,
across the entire spotted array, was similar to that for normal
controls (data not shown). However the number of fractions
with significant p-values <0.05 with measures for cancer
greater than for control was higher than the number of frac-
tions for which control was greater than cancer. Of 1824
arrayed fractions, 68 fractions gave a p-value <0.05 with
mean intensity for cancer greater than control, while there
were only 16 fractions with a p-value <0.05 with mean inten-
sity for controls greater than for cancer.

[0088] AnnexinIwas localized on the A549 natural protein
microarrays in Fr_ 00_84. PGP9.5was localizedinFr 09
38 and 14-3-3 theta was localized in Fr__15_ 46 based on
reactivity with corresponding monoclonal antibodies. Fol-
lowing blinded analysis of all sera, the pre-diagnostic cases
had significantly higher mean annexin 1 autoantibody levels
than those of controls (t-test p-value=0.001) (FIG. 2A). The
p-value for 14-3-3 theta was also significant at 0.01 (FIG. 2B).
On the other hand, the average PGP9.5 autoantibody reactiv-
ity of pre-diagnostic cases was not significantly different
from that of matched high-risk controls from CARET (p=0.2)
(FIG. 2C). These results were in concordance with prior
results based on 2-D Western analysis of 18 of the 85 CARET
pre-diagnostic sera used in the present study (Pereira-Faca et
al, Cancer Res 67:12000-6, 2007).
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[0089] Differential Reactivity to LAMRI in Pre-Diagnos-
tic Lung Cancer Sera

[0090] A boosting logistic regression method with leave-
ten-percent-out for cross-validation was initially utilized to
determine if additional arrayed proteins exhibited differential
reactivity with pre-diagnostic cases relative to control sera. A
spotted fraction (Fr_15_39), which was among the most
informative in each of ten iterations of the model building
procedure, yielded LAMRI protein identification with high
confidence by mass spectrometry based on mass spectral
matching to 21 unique peptides in the LAMRI1 sequence
(65% coverage). The mean level of autoantibodies against
LAMRI in pre-diagnostic lung cancer sera was significantly
higher than that in matched controls with a p-value of 0.017
(FIG. 2D). The combined AUC for all three antigens, annexin
1, 14-3-3 theta and LAMRI, in CARET pre-diagnostic sera
vs. matched controls was 0.73 (FIG. 3). The sensitivity and
specificity at the optimal cutoff point was 51% and 82%,
respectively.

[0091] CARET lung cancer cases represented three groups,
adenocarcinoma (AC), squamous cell carcinoma (SCC), and
other non-small cell lung cancer (NSCLC) (Table 1). An
ANOVA test was performed to determine correlation
between autoantibody levels against annexin 1, PGP9.5,
14-3-3 theta, and LAMRI1 and lung cancer subtype. Annexin
1, PGP9.5 and LAMRI did not show significant reactivity
difference among the three subtypes. A significant p-value of
0.007 was obtained for 14-3-3 theta, with the AC and the SCC
groups exhibiting lesser reactivity than other NSCLC.
CARET cancer sera analyzed were collected within one year
prior to diagnosis (Table 2). A possible relationship was
investigated between autoantibody levels and the time from
blood draw to diagnosis, by stratifying the samples into two
groups, one group with cases collected between 0-6 months
(inclusive) prior to diagnosis and the other group between
7-12 months (inclusive) prior to diagnosis. The mean reactiv-
ity for cases in the 0-6 group was higher than that for cases in
the 7-12 group with t-test p-values of 0.05, 0.06 and 0.07 for
PGP9.5, 14-3-3 theta and LAMRI respectively. There was
equivalent reactivity between the two groups for annexin 1
(Table 3). When comparing cases in each group against
matched controls, the differences were also more significant
in the 0-6 group than in the 7-12 group for PGP9.5, 14-3-3
theta and LAMR1 (Table 4).

[0092] Assessment of Autoantibody Reactivity to LAMR1
in Sera from Newly-Diagnosed Lung Cancer Subjects
[0093] The occurrence of autoantibodies to LAMRI in sera
from newly diagnosed subjects with lung cancer was detet-
mined using spotted microarrays containing purified recom-
binant LAMRI that were reacted with sera from 45 newly
diagnosed subjects with lung cancer and from an equal num-
ber of healthy controls that were matched for age and gender
and time of blood collection. Increased LAMRI reactivity
among lung cancer sera relative to controls was observed
based on two-sample t-test (p-value=0.024). Most of the lung
cancer cases (32/45) had adenocarcinoma. A significant
p-value of 0.03 was also obtained for the 32 subjects with
adenocarcinoma relative to matched controls.

Discussion

[0094] The results indicated that autoantibodies against
LAMRI, annexin I and 14-3-3 theta were significantly
elevated in pre-clinical lung cancer patient sera compared
with matched high risk controls that did not develop lung
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cancer during the period of follow-up. A combination of
LAMRYI, annexin 1 and 14-3-3 theta autoantibodies yielded
an AUC of 0.73 in pre-clinical lung cancer sera. While
autoantibodies to various cancer antigens have been reported
in newly diagnosed lung cancer patient sera (Stockert etal., J
Exp Med 187:1349-54, 1998; Gure et al., Cancer Res
58:1034-41, 1998; Yamamoto et al., Int J Cancer 69:283-9,
1996; Diesinger et al., Int J Cancer 102:372-8, 2002; Gure et
al., Proc Natl Acad Sci USA 97:4198-203, 2000; Ali E1dib et
al., Int J Cancer 108:558-63, 2004; Yang et al., J Proteome
Res 6:751-8, 2007; Brichory et al., Cancer Res 61:7908-12,
2001; Brichory et al., Proc Natl Acad Sci USA 98:9824-9,
2001; He et al., Cancer Sci 98:1234-40, 2007; Tureci et al.,
Cancer Lett 236:64-71, 2006; Chang et al: FEBS Lett 579:
2873-7,2005; Yagihashi et al: Lung Cancer 48:217-21,2005;
Matsumoto et al: Int J Oncol 19:1035-9, 2001; Fernandez-
Madrid et al: Clin Cancer Res 5:1393-400, 1999; Lubin et al:
Nat Med 1:701-2, 1995), a distinguishing feature of the
present disclosure was the testing for occurrence of autoan-
tibodies in pre-diagnostic sera and demonstration of signifi-
cant autoantibody reactivity against LAMR1, annexin 1 and
14-3-3 theta. The sample size, 85 cases and an equal number
of controls, and the characteristics of controls, heavy smokers
or subjects who have been exposed to asbestos, were impor-
tant features of the present study.

[0095] Autoantibodies against annexin I, PGP9.5 and
14-3-3 theta have previously been reported in newly diag-
nosed lung cancer patients (Brichory et al., Cancer Res
61:7908-12, 2001; Brichory et al., Proc Natl Acad Sci USA
98:9824-9, 2001). The data presented herein validated the
occurrence of autoantibodies to annexin 1 and 14-3-3 theta,
by demonstrating their presence also in pre-diagnostic lung
cancer sera using natural protein arrays, yielding significant
p-values of 0.001 and 0.01 respectively for differences with
matched controls.

[0096] The present application discloses for the first time
the occurrence of autoantibodies to LAMR1 in lung cancer.

[0097] The full length LAMR1 gene encodes a 33 kD pre-
cursor protein with 295 amino acids (Yow et al., Proc Natl
Acad Sci USA 85:6394-8, 1988). Its precursor and post-trans-
lationally modified forms serve diverse biological functions
in vivo. The 33 kD precursor protein dimerizes after acylation
to form the mature 67LR (Buto et al.,J Cell Biochem 69:244-
51, 1998), which was initially purified using affinity chroma-
tography on Sepharose® columns conjugated with laminin
and designated as the 67 kD laminin receptor (67LR) (Rao et
al., Biochemistry 28:7476-86, 1989; Lesot et al., EMBO J
2:861-865, 1983; Malinoff et al., J Cell Biol 96:1475-9,
1983).

[0098] The 33 kD precursor is an evolutionarily conserved
ribosomal protein associated with the 40S subunit of the
translational machinery (Auth et al., Proc Natl Acad Sci USA
89:4368-72, 1992; Ardini et al., Mol Biol Evol 15:1017-25,
1998). A 44 kD protein originally identified as an oncofetal
antigen by Coggin et al. was subsequently found to be
encoded by the same gene as 67LR (Coggin et al., Anticancer
Res 19:5535-42, 1999; Coggin et al., Immunol Today 19:405-
8, 1998). The precursor also serves as the receptor for the
prion protein in eukaryotic cells (Rieger et al., Nat Med
3:1383-8, 1997).

[0099] 67LR plays arole in cancer invasion and metastasis,
related to its high affinity to laminin, an important component
of basement membrane (Wewer et al., Cancer Res 47:5691-8,
1987). Over-expression of 67LR has been observed in mela-
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nomas, lymphomas and epithelial tumors (Menard et al.,
Breast Cancer Res Treat 52:137-45, 1998; Menard et al., J
Cell Biochem 67:155-65, 1997; Cioce et al., J Natl Cancer
Inst 83:29-36, 1991). Expression of 67LR correlates with
poor prognosis in non-small cell lung cancer (Fontanini et al.,
Clin Cancer Res 3:227-31, 1997). There is evidence that the
monomeric membrane-associated 44 kD OFA/iLRP (oncofe-
tal antigen/immature laminin protein), but significantly, not
67LR. is immunogenic (Coggin et al., Anticancer Res
19:5535-42, 1999), consistent with the findings disclosed
herein of autoantibodies in lung cancer. OFAs are expressed
in fetal cells and a variety of cancers but not present in normal
neonatal or adult tissues (Coggin et al., Immunol Today
19:405-8, 1998).

[0100] Immunizationofadulthamsters with irradiated fetal
hamster or mouse cells provides strong immunity to SV40-
induced tumorigenesis (Ambrose et al., Nature 233:194-5,
1971; Cogginetal., JImmunol 107:526-33,1971; Ambrose et
al., Nature 233:321-4, 1971). OFA/iLRP was later identified
as the protective antigen on the membrane of rodent and
human fetal and tumor cells (Coggin et al., Anticancer Res
19:5535-42,1999; Payne etal.,J Natl Cancer Inst 75:527-44,
1985; Coggin et al., Am J Pathol 130:136-46, 1988; Gussack
et al., Cancer 62:283-90, 1988). OFA/ILRP studies have
largely focused on cellular immunity and its potential utility
in T-cell based immunotherapy (Rohrer et al., J Immunol
152:754-64, 1994; Siegel et al., J Immunol 176:6935-44,
2006, Rohrer et al., J Immunol 154:2266-80, 1995; Holtl et
al., Clin Cancer Res 8:3369-76, 2002; Rohrer et al., J Immu-
nol 155:5719-27, 1995; Rohrer et al., J Immunol 176:2844-
56, 2006; Rohrer et al., J Immunol 162:6880-92, 1999).

[0101] Although a humoral immune response could be
induced in mice immunized with recombinant OFA/iLRP
(Rohrer et al., Mod Asp Immunobiol 1:191-5, 2001), the
occurrence of autoantibodies against OFA/iLRP in human
cancer patients has not previously been reported. Although
OFA/ILRP is a glycosylated protein (Coggin et al., Arch
Otolaryngol Head Neck Surg 119:1257-66, 1993), the data
disclosed herein suggested that autoantibodies were not
restricted to a glycan containing epitope in OFA/iILRP given
the reactivity observed with recombinant LAMR1 in lung
cancer patient sera. This observation was consistent with
previous findings that bacterially expressed recombinant
OFA/iLRP was competent in inducing CTL-mediated target
celllysis (Rohrer et al., J Immunol 176:2844-56, 2006). OFA/
iLRP expression was found to precede clear histological evi-
dence of malignant T cells or clinical lymphoma in irradiated
mice that went on to develop T-cell lymphomas (Rohrer et al.,
J Natl Cancer Inst 84:602-9, 1992), consistent with an early
immune response during umorigenesis and the present dem-
onstration of autoantibodies in pre-clinical (e.g., pre-diagnos-
tic) sera.

[0102] Although in the present study, no significant differ-
ence in PGP9.5 reactivity was observed between pre-diag-
nostic cases as a group and controls (in contrast to prior
findings based on analysis of sera collected at the time of
diagnosis of Tung cancer), this observation may be related to
differences in patient and tumor characteristics or to the tem-
poral pattern of PGP9.5 expression and/or immune response
to PGP9.5 in lung cancer. In support of the latter is the finding
of increased reactivity among subjects within six months
from diagnosis, compared to subjects whose blood was col-
lected 6-12 months prior to diagnosis. Nevertheless, autoan-
tibodies to PGP9.5 may have diagnostic utility in symptom-
atic subjects in conjunction with an imaging modality.
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[0103] Disclosed herein for the first time are data related to
temporal changes of a humoral immune response to a set of
tumor antigens in lung cancer for subjects whose blood was
collected over a period ranging from the time of diagnosis to
within a year prior to diagnosis as part of the CARET high
risk cohort. PGP9.5, 14-3-3 theta and LAMRI1 showed
increases in reactivity in pre-diagnostic sera with higher reac-
tivity at a time closer to diagnosis (0-6 months) relative to a
time farther from diagnosis (7-12 months). Reactivity to
annexin I did not show a relationship to time from diagnosis
within the one-year time frame. This observation may indi-
cate that an immune response to annexin I occurred earlier
during the course of lung cancer development compared to
PGP9.5, 14-3-3 theta and LAMR1. It has been demonstrated
previously that the sugar moiety on annexin I was important
to its antigenicity (Brichory et al., Proc Natl Acad Sci USA
98:9824-9, 2001). This posttranslational modification may
have occurred early during tumor development. Alternatively
a sugar-containing epitope may have been more immuno-
genic than a peptide backbone for yielding an early detectable
immune response. Tumor antigens with different temporal
reactive patterns may have different clinical utility for screen-
ing and diagnosis. These findings point to the value of pre-
diagnostic sera in assessing the significance of autoreactivity
to particular antigens.

[0104] Whilesignificant reactivity with pre-diagnostic sera
was observed in this study for a small panel of antigenic
proteins, a screening modality for lung cancer that includes
testing for autoantibodies is also contemplated using addi-
tional antigenic targets to augment the sensitivity and speci-
ficity achieved in this study. An initial application of such a
panel may be in conjunction with an imaging screening
modality for subjects at an increased risk for lung cancer.
Studies aimed at identifying and validating novel antigens are
currently being undertaken through the National Cancer
Institute Early Detection Research Network (http://edm.nci.
nih.gov) and through other efforts.

TABLE 1

DISTRIBUTION OF LUNG CANCER
HISTOLOGICAL TYPES AMONG PRE-DIAGNOSTIC
LUNG CANCER SERA.

Number of subjects

Adenocarcinoma 32 (38%)
Squamous cell carcinoma 29 (34%)
Other non-small cell lung cancer 24 (28%)
Total 85

TABLE 2

TIME FROM BLOOD DRAW TO DIAGNOSIS FOR
PRE-DIAGNOSTIC LUNG CANCER SERA.

Months Number of subjects
0-3 26 (31%)

4-6 18 (21%)

7-9 19 (22%)

10-12 22 (26%)

Total 85
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TABLE 3 TABLE 4

REACTIVITY DIFFERENCES BETWEEN CASES
REACTIVITY DIFFERENCES BETWEEN CASES AND CONTROLS IN DIFFERENT GROUPS
IN THE 0-6 MONTH GROUP AND THE 7-12 STRATIFIED BY BLOOD DRAW TIME TO DIAGNOSIS.

MONTH GROUP. Blood_draw_
to_diagnosis ~ Mean (SD) Mean (SD)
Antigens (month) cancer normal p*
Blood_draw_to_diagnosis Mean
, - Annexin [ 0-6 020(1.16) —0.197 (0.80)  0.067
Antigens (month) no reactivity  p* 712 029(1.25) 0293 (0.49)  0.006
all 024(1.20)  -0.244(0.67) 0.001
. _ PGPY.S 0-6 028(1.11)  —-0.111(L.06)  0.093
Annexin [ 0-6 4 020 072 7-12 S0.11(0.64) -0.078(1.07)  0.886
712 41 0.29 all 0.10(093)  —-0.095 (1.06) 0214
LAMRI 0-6 040(141) 0158 (0.49) 0.017
< . (
PGPO.3 0-6 4 0.28 0.05 712 20.05{0.65) -0.207 (.06) 0.414
712 41 —011 all 018(1.13) -0.182(0.81) 0.017
14-3-3 theta 0-6 040(1.13)  —0.254(0.60)  0.001
LAMRI 0-6 w“ 040 0.07 712 -0.028(0.95) —0.132(L13) 0.654
712 41 ~0.05 all 020(1.06) —0.195(0.89)  0.010
14-3-3 theta 0-6 P 0.40 0.06 Tosample 1ot
712 41 -0.03
Example 3
*Two-samplo t tost Exemplary Pre-Diagnostic Lung Cancer Indicator
Proteins
[0105]
ANNEXIN 1

>ipilIPI00218918/IPI00218918.5 ANNEXIN Al (SEQ ID NO: 1):
MAMVSEFLKQAWF IENEEQEYVQTVKSSKGGPGSAVSPYPTFN

PSSDVAALHKAIMVKGVDEATIIDILTKRNNAQRQOIKAAYLQETGKPLDETLKK
ALTGHLEEVVLALLKTPAQFDADELRAAMKGLGTDEDTLIEILASRTNKEIRDIN
RVYREELKRDLAKDITSDTSGDFRNALLSLAKGDRSEDFGVNEDLADSDARAL
YEAGERRKGTDVNVFNTILTTRSYPQLRRVFQKYTKYSKHDMNKVLDLELKGD
IEKCLTAIVKCATSKPAFFAEKLHQAMKGVGTRHKALIRIMVSRSEIDMNDIKAF
YQKMYGISLCQAILDETKGDYEKILVALCGGN

>ipilIPI00549413|IPI00549413.2 ANNEXIN Al (SEQ ID NO: 2):
MNLILRYTFSKMAMY SEFLKQAWF IENEEQEYVQTVKSSKGGP

GSAVSPYPTFNPSSDVAALHKAIMVKGVDEATIIDILTKRNNAQRQQIKAAYLOE
TGKPLDETLKKALTGHLEEVVLALLKTPAQFDADELRAAMKGLGTDEDTLIEILA
SRTNKEIRDINRVYREELKRDLAKDITSDTSGDFRNALLSLAKGDRSEDFG

>ipilIPI00643231/IPI00643231.1 ANNEXIN Al (SEQ ID NO: 3):
MAMVSEFLKQAWF IENEEQEYVQTVKSSKGGPGSAVSPYPTEFN

PSSDVAALHKAIMVKGVDEATIIDILTKRNNAQRQOIKAAYLQETGKPLDETLKK

ALTGHLEEVVLALLKTP

14-3-3 THETA

>ipilIPI00018146/IPI00018146.1 14-3-3 PROTEIN THETA (SEQ ID NO: 4):
MEKTELIQKAKLAEQAERYDDMATCMKAVTEQGAELSNEERNL
LSVAYKNVVGGRRSAWRVISSIEQKTDTSDKKLQLIKDYREKVESELRSICTTV
LELLDKYLIANATNPESKVFYLKMKGDYFRYLAEVACGDDRKQTIDNSQGAYQ

EAFDISKKEMQPTHPIRLGLALNFSVFYYEILNNPELACTLAKTAFDEAIAELDTL

NEDSYKDSTLIMQLLRDNLTLWTSDSAGEECDAAEGAEN
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-continued

>1pilIPI00796727/IPI00796727.1 PUTATIVE UNCHARACTERIZED PROTEIN
(SEQ ID NO: 5):
YWHAQMEKTELIQKAKLAEQAERYDDMATCMKAVTEQGAELSN
EERNLLSVAYKNVVGGRRSAWRVISSIEQKTDTSDKKLOLIKDYREKVESELRS
ICTTVLELLDKYLIANATNPESKVFYLKMKGDYFRYLAEVACGDDRKQTIDNSQ
GAY

LAMININ RECEPTOR 1 (LAMRL)

>ipilIPI00411639/IPI00411639.1 LAMININ RECEPTOR-LIKE
PROTEIN LAMRL5 (SEQ ID NO: 6):
MSGALDVLQMKEEDVLKFLAAGTHLGGTNLDFQMEQYIYKRKS
DGIYIINLKRTWEKLLLTARAIVAIENPADVSVISSRNTGQRAVLKFAAATGATPI
AGRFTPGTFTNQIQAAFREPRLLVVSDPRADHQPLTEASYVNLPTIALCNTDSP
LHYVDIAIPCNNKGTHSVGLMWWMLAREVLRMRGTISREHPWEVMPDLYFYR
DPEEIEKEEQAAAEKAMTREELQGEWTAPAPEFTATQPEVADWSEGVQVPSV

PIQOFPTEDWSTQRATEDWSAAPTAQATEWVGATTDWS

>ipilIPI00413108/IPI00413108.4 33 KDA PROTEIN (SEQ ID NO: 7):
MSGALDVLOMKEEDVLKFLAAGTHLGGTNLDFQMEQYIYKRKS

DGIYIINLKRTWEKLLLAARAIVAIENPADVSVISSRNTGQVCGTVRAVLKFAAAT
GATPIAGRFTPGTFTNQIQAAFREPRLLWTDPRADHQPLTEASYVNLPTIALC
NTDSPLRYVDIAIPCNNKGAHSVGLMAWMLAREVLRMRGTISREHPWEVMP
DLYFYRDPEEIEKEEQAAAEKAVTKEEFQGEWTAPAPEFTATQPEVADWSEG
VQVPSVPIQQFPTEDWSAQPATEDWSAAPTAQATEWVGATTIDWS
>ipilIPI00553164|/IPI00553164.4 40S RIBOSOMAL PROTEIN SA
(SEQ ID NO: 8):
MSGALDVLOMKEEDVLKFLAAGTHLGGTNLDFQMEQYIYKRKS
DGIYIINLKRTWEKLLLAARAIVAIENPADVSVISSRNTGQORAVLKFAAATGATPI
AGRFTPGTFTNQIQAAFREPRLLVVTDPRADHQPLTEASYVNLPTIALCNTDSP
LRYVDIAIPCNNKGAHSVGLMWWMLAREVLRMRGTISREHPWEVMPDLYFYR
DPEEIEKEEQAAAEKAVTKEEFQGEWTAPAPEFTATQPEVADWSEGVQVPSV
PIQOFPTEDWSAQPATEDWSAAPTAQATEWVGATTDWS

>ipilIPI00790580/IPI00790580.1 16 KDA PROTEIN (SEQ ID NO: 9):
MSGALDVLOMKEEDVLKFLAAGTHLGGTNLDFQMEQYIYKRKS

DGIYIINLKRTWEKLLLAARAIVAIENPADVSVISSRNTGQRAVLKFAAATGATPI
AGRFTPGTFTNQIQAAFREPRLLVVTDPRADHQPLTEASYVNLPTIAL

>ipilIPI00793905/IPI00793905.1 24 KDA PROTEIN (SEQ ID NO: 10):
MSGALDVLOMKEEDVLKFLAAGTHLGGTNLDFQMEQYIYKRKS

DGIYIINLKRTWEKLLLAARAIVAIENPADVSVISSRNTGQGAHSVGLMWWMLA
REVLRMRGTISREHPWEVMPDLYFYRDPEEIEKEEQAAAEKAVTKEEFQGEW
TAPAPEFTATQPEVADWSEGVQVPSVPIQQFPTEDWSAQPATEDWSAAPTA

QATEWVGATTDWS

Example 4 cator proteins were identified on the basis of detection of

Identification of Additional Pre-Diagnostic Lung specifically binding autoantibodies in 30 pre-diagnostic lung
Cancer Indicator Proteins

[0106] Using the methodologies described above in
Examples 1 and 2, additional pre-diagnostic lung cancer indi- results are summarized in Table 5.

cancer sera, using 30 matched normal sera as controls. The
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TABLE 5

ADDITIONAL PRE-DIAGNOSTIC LUNG CANCER INDICATOR PROTEINS

p-value sensitivity SEQ
for M2 at 95% D
Gene Uniprot_id statistics specificityDescription NO:
AKRIB10 060218 0.000085 0.47 Aldo-keto reductase family 11

1, member B10O

GOT2 P0O0505 0.000216 0.43 Glutamic-oxaloacetic 12
transaminase 2

HNRPR 043390 0.001233 0.37 Heterogeneous nuclear 13
ribonucleoprotein r

PDIA3 P30101 0.001233 0.37 Protein disulfide-isomerase 14
a3l
NME2 P22392 0.001233 0.37 Nonmetastatic cells 2, 15

protein expressed in

RTN4 QONQC3 0.026157 0.23 Reticulon-4 16
HI1FX Q92522 0.026157 0.23 Hl histone family, member x 17
G3BP Q13283 0.051395 0.20 Ras-GTPase-activating- 18

protein SH3-domain Binding
Protein 1

HSPCA P07900 0.051395 0.20 Heat shock 90 kda protein 1, 19
alpha
ACTN4 043707 0.051395 0.20 Actinin, alpha 4 20

SEQ ID NO: 11

MATFVELS TKAKMPIVGLGTWKS PLGKVKEAVKVAIDAGYRHIDCAYVYQNEH
EVGEAIQEKIQEKAVKREDLFIVSKLWPTFFERPLVRKAFEKTLKDLKLSYLDVY
LIHWPQGFKSGDDLFPKDDKGNAIGGKATFLDAWEAMEELVDEGLVKALGVS
NFSHFQIEKLLNKPGLKYKPVTNQVECHPYLTQEKLIQYCHSKGITVTAYSPLG
SPDRPWAKPEDPSLLEDPKIKEIAAKHKKTAAQVLIRFHIQRNVIVIPKSVTPARI
VENIQVFDFKLSDEEMATILSFNRNWRACNVLOSSHLEDYPFDAEY

SEQ ID NO: 12
MALLHSGRVLPGIAAAFHPGLAAAASARASSWWTHVEMGPPDPILGVTEAFK
RDTNSKKMNLGVGAYRDDNGKPYVLPSVRKAEAQIAAKNLDKEYLPIGGLAEF
CKASAELALGENSEVLKSGRFVTVQTISGTGALRIGASFLORFFKFSRDVFLPK
PTWGNHTP IFRDAGMQOLQGYRYYDPKTCGFDFTGAVEDISKIPEQSVLLLHAC
AHNPTGVDPRPEQWKEIATVVKKRNLFAFFDMAYQGFASGDGDKDAWAVRH
FIEQGINVCLCQSYAKNMGLYGERVGAFTMVCKDADEAKRVESQLKILIRPMY
SNPPLNGARIAAAILNTPDLRKQWLQEVKGMADRI IGMRTQLVSNLKKEGS TH
NWQHITDQIGMFCFTGLKPEQVERLIKEFSIYMTKDGRISVAGVTSSNVGYLAH
ATHQVTK

SEQ ID NO: 13
MANQVNGNAVQLKEEEEPMDTSSVTHTEHYKTLIEAGLPQKVAERLDEIFQTG
LVAYVDLDERAIDALREFNEEGALSVLQQOFKESDLSHVONKSAFLCGVMKTYR
QREKQGSKVQESTKGPDEAKIKALLERTGYTLDVTTGQRKYGGPPPDSVYSG
VQPGIGTEVFVGKIPRDLYEDELVPLFEKAGPIWDLRLMMDPLSGONRGYAFIT
FCGKEAAQEAVKLCDSYEIRPGKHLGVCISVANNRLFVGSIPKNKTKENILEEF
SKVTEGLVDVILYHQPDDKKKNRGFCFLEYEDHKSAAQARRRLMSGKVKVWG
NVVTVEWADPVEEPDPEVMAKVKVLFVRNLATTVTEEILEKSFSEFGKLERVK
KLKDYAFVHF EDRGAAVKAMDEMNGKEIEGEEIEIVLAKPPDKKRKERQAARQ
ASRSTAYEDYYYHPPPRMPPPIRGRGRGGGRGGYGYPPDYYGYEDYYDDYY
GYDYHDYRGGYEDPYYGYDDGYAVRGRGGGRGGRGAPPPPRGRGAPPPR
GRAGYSQRGAPLGPPRGSRGGRGGPAQQORGRGSRGSRGNRGGNVGGK
RKADGYNQPDSKRRQTNNQONWGSQPI AQQPLOQGGDYSGNYGYNNDNQ
EFYQODTYGQQWK

SEQ ID NO: 14
MRLRRLALFPGVALLLAAARLAAASDVLELTDDNFESRISDTGSAGLMLVEFFA
PWCGHCKRLAPEYEAAATRLKGIVPLAKVDCTANTNTCNKYGVSGYPTLKIFR
DGEEAGAYDGPRTADGIVSHLKKQAGPASVPLRTEEEFKKFISDKDASIVGFF
DDSFSEAHSEFLKAASNLRDNYRFAHTNVESLVNEYDDNGEGI ILFRPSHLTNK
FEDKTVAYTEQKMTSGKIKKFIQENIFGICPHMTEDNKDLIQGKDLLIAYYDVDY
EKNAKGSNYWRNRVMMVAKKFLDAGHKLNFAVASRKTFSHELSDFGLESTA
GEIPVVAIRTAKGEKFVMQEEFSRDGKALERFLODYFDGNLKRYLKSEPIPESN
DGPVKVVVAENFDEIVNNENKDVLIEFYAPWCGHCKNLEPKYKELGEKLSKDP
NIVIAKMDATANDVPSPYEVRGFPTIYFSPANKKLNPKKYEGGRELSDFISYLQ
REATN PPVIQEEKPKKKKKAQEDL

Apr. 26,2012
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TABLE 5-continued

ADDITIONAL PRE-DIAGNOSTIC LUNG CANCER INDICATOR PROTEINS

p-value sensitivity SEQ
for M2 at 95% D
Gene Uniprot_id statistics specificityDescription NO:

SEQ ID NO: 15
MANLERTFIAIKPDGVQRGLVGEIIKRFEQKGFRLVAMKFLRASEEHLKQHYIDL
KDRPFFPGLVKYMNSGPVVAMVWEGLNVVKTGRVMLGETNPADSKPGTIRG
DFCIQVGRNIIHGSDSVKSAEKEISLWFKPEELVDYKSCAHDWVYE

SEQ ID NO: 16
MEDLDQSPLVSSSDSPPRPQPAFKYQFVREPEDEEEEEEEEEEDEDEDLEEL
EVLERKPAAGLSAAPVPTAPAAGAPLMDFGNDFVPPAPRGPLPAAPPVAPER
QPSWDPSPVSSTVPAPSPLSAAAVSPSKLPEDDEPPARPPPPPPASVSPQAE
PVWTPPAPAPAAPPSTPAAPKRRGS SGSVDETLFALPAASEPVIRSSAENMDL
KEQPGNTISAGQEDFPSVLLETAASLPSLSPLSAASFKEHEYLGNLSTVLPTEG
TLQENVSEASKEVSEKAKTLLIDRDLTEFSELEYSEMGSSFSVSPKAESAVIVA
NPREEI IVKNKDEEEKLVSNNILHNQQELPTALTKLVKEDEVVSSEKAKDSFNE
KRVAVEAPMREEYADFKPFERVWEVKDSKEDSDMLAAGGKIESNLESKVDKK
CFADSLEQTNHEKDSESSNDDTSFPSTPEGIKDRSGAYITCAPFNPAATESIAT
NIFPLLGDPTSENKTDEKKIEEKKAQIVTEKNTSTKTSNPFLVAAQDSETDYVTT
DNLTKVTEEVVANMPEGLTPDLVQEACESELNEVTGTKIAYETKMDLVQTSEV
MOESLYPAAQLCPSFEESEATPSPVLPDIVMEAPLNSAVPSAGASVIQPSSSPL
EASSVNYESIKHEPENPPPYEEAMSVSLKKVSGIKEEIKEPENINAALQETEAPY
ISIACDLIKETKLSAEPAPDFSDYSEMAKVEQPVPDHSELVEDSSPDSEPVDLF
SDDSIPDVPQKQDETVMLVKESLTETSFESMIEYENKEKLSALPPEGGKPYLES
FKLSLDNTKDTLLPDEVSTLSKKEKIPLOMEELSTAVYSNDDLFISKEAQIRETE
TFSDSSPIEIIDEFPTLISSKTDSFSKLAREYTDLEVSHKSEIANAPDGAGSLPCT
ELPHDLSLKNIQPKVEEKISFSDDFSKNGSATSKVLLLPPDVSALATQAEIESIVK
PKVLVKEAEKKLPSDTEKEDRSPSAIFSAELSKTSVVDLLYWRDIKKTGVVEFGA
SLFLLLSLTVFSIVSVTAYIALALLSVTISFRIYKGVIQAIQKSDEGHPFRAYLESE
VAISEELVQKYSNSALGHVNCTIKELRRLFLVDDLVDSLKFAVLMWVETYVGAL
FNGLTLLILALISLFSVPVIYERHQAQIDHYLGLANKNVKDAMAKIQAKIPGLKRK
AE

SEQ ID NO: 17

MSVELEEALPVTTAEGMAKKV TKAGGSAALSPSKKRKNSKKKNQPGKYSQLV
VETIRRLGERNGSSLAKIYTEAKKVPWFDQONGRTYLKYSIKALVONDTLLQVK
GTGANGSFKLNRKKLEGGGERRGAPAAATAPAPTAHKAKKAAPGAAGSRRA
DKKPARGQKPEQRSHKKGAGAKKDKGGKAKKTAAAGGKKVKKAAKPSVPKV
PKGRK

SEQ ID NO: 18
MVMEKPSPLLVGREFVRQYYTLLNQAPDMLHREFYGKNSSYVHGGLDSNGKP
ADAVYGQKETHRKVMSQNF TNCHTKIRHVDAHATLNDGVVVQVMGLLSNNNQ
ALRRFMQTFVLAPEGSVANKFYVHNDI FRYQDEVFGGFVTEPQEESEEEVEE
PEERQQTPEWPDDSGTFYDQAVVSNDMEEHLEEPVAEPEPDPEPEPEQEP
VSEIQEEKPEPVLEETAPEDAQKSSSPAPADIAQTVQEDLRTFSWASVTSKNL
PPSGAVPVTGIPPHVVKVPASQPRPESKPESQIPPQRPORDORVREQRINIPP
QRGPRPIREAGEQGDIEPRRMVRHPDSHQLFIGNLPHEVDKSELKDFFQSYG
NVVELRINSGGKLPNFGFVVFDDSEPVQKVLSNRPIMFRGEVRLNVEEKKTRA
AREGDRRDNRLRGPGGPRGGLGGGMRGPPRGGMVQKPGFGVGRGLAPRQ

SEQ ID NO: 19
MPEETQTQDQPMEEEEVETFAFQAETAQLMSLIINTFYSNKEIFLRELISNSSDA
LDKIRYESLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAK
SGTKAFMEALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESS
AGGSFTVRTDTGEPMGRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITL
FVEKERDKEVSDDEAEEKEDKEEEKEKEEKESEDKPEIEDVGSDEEEEKKDG
DKKKKKKIKEKYIDQEELNKTKPIWTRNPDDITNEEYGEFYKSLTNDWEDHLAV
KHFSVEGQLEFRALLFVPRRAPFDLFENRKKKNNIKLYVRRVFIMDNCEELIPE
YLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKKCLELFTELAEDKENYK
KFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRM KENQ
KHIYYITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVS
VTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVVVSNRLVTSPC
CIVTSTYGWTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQKAE
ADKNDKSVKDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTAD
DTSAAVTEEMPPLEGDDDTSRMEEVD

SEQ ID NO: 20
MVDYHAANQSYQYGPSSAGNGAGGGGSMGDYMAQEDDWDRDLLLDPAWE
KOQRKTFTAWCNSHLRKAGTQIENIDEDFRDGLKLMLLLEVISGERLPKPERG
KMRVHKINNVNKALDFIASKGVKLVSIGAEEIVDGNAKMTLGMIWTIILRFAIQDI
SVEETSAKEGLLLWCQRKTAPYKNVNVQONFHI SWKDGLAFNALIHRHRPELIE
YDKLRKDDPVTNLNNAFEVAEKYLDIPKMLDAEDIVNTARPDEKAIMTYVSSFY
HAFSGAQKAETAANRICKVLAVNQENEHLMEDYEKLASDLLEWIRRTIPWLED
RVPQKTIQEMQQKLEDFRDYRRVHKPPKVQEKCQLEINFNTLQTKLRLSNRPA
FMPSEGKMVSDINNGWQHLEQAEKGYEEWLLNEIRRLERLDHLAEKFRQKAS
IHEAWTDGKEAMLKHRDYETATLSDIKALIRKHEAFESDLAAHQDRVEQIAATA
QELNELDYYDSHNVNTRCQKI CDQWDALGSLTHSRREALEKTEKQLEAIDQLH

Apr. 26,2012
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TABLE 5-continued

ADDITIONAL PRE-DIAGNOSTIC LUNG CANCER INDICATOR PROTEINS

p-value sensitivity SEQ
for M2 at 95% D
Gene Uniprot_id statistics specificityDescription NO:

LEYAKRAAPFNNWMESAMEDLQDMF IVHTIEEIEGLISAHDQFKS TLPDADRER
EAILAIHKEAQRIAESNHIKLSGSNPYTTVTPQI INSKWEKVQQLVPKRDHALLE
EQSKQOSNEHLRRQFASQANVVGPWIQTKMEEIGRI STEMNGTLEDQLSHLKQ
YERSIVDYKPNLDLLEQQHQLIQEALIFDNKHTNYTMEHIRVGWEQLLTTIARTI
NEVENQILTRDAKGISQEQMQEFRASFNHFDKDHGGALGPEEFKACLISLGYD
VENDRQGEAEFNRIMSLVDPNHSGLVTFQAFIDFMSRETTDTDTADQVIASFK
VLAGDKNFITAEELRRELPPDQAEYCIARMAPYQGPDAVPGALDYKSFSTALY

Apr. 26,2012
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polypeptide characterization. J Natl Cancer Inst 75:527-
44,1985

[0163] 57.CogginIH, Jr., Rohrer SD, Leinbach ED, et al:
Radiation-induced lymphoblastic lymphomas/leukemias
and sarcomas of mice express conserved, immunogenic
44-kilodalton oncofetal antigen. Am J Pathol 130:136-46,
1988

[0164] 58. Gussack G S, Rohrer S D, Hester R B, et al:
Human squamous cell carcinoma lines express oncofetal
44-kD polypeptide defined by monoclonal antibody to
mouse fetus. Cancer 62:283-90, 1988

[0165] 59. Rohrer J W, Rohrer S D, Barsoum A, et al:
Differential recognition of murine tumor-associated
oncofetal transplantation antigen and individually specific
tumor transplantation antigens by syngeneic cloned
BALB/c and RFM mouse T cells. ] Immunol 152:754-64,
1994

[0166] 60. Siegel S, Wagner A, Friedrichs B, et al: Identi-
fication of HLA-A*0201-presented T cell epitopes derived
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from the oncofetal antigen-immature laminin receptor pro-
tein in patients with hematological malignancies. J Immu-
nol 176:6935-44, 2006

[0167] 61. Rohrer J W, Culpepper C, Barsoum A L, et al:
Characterization of RFM mouse T lymphocyte anti-on-
cofetal antigen immunity in apparent tumor-free, long-
term survivors of sublethal X-irradiation by limiting dilu-
tion T lymphocyte cloning. ] Immunol 154:2266-80, 1995

[0168] 62.Holtl L, Zelle-Rieser C, Gander H, et al: Immu-
notherapy of metastatic renal cell carcinoma with tumor
lysate-pulsed autologous dendritic cells. Clin Cancer Res
8:3369-76, 2002

[0169] 63. Rohrer J W, Coggin J H, Jr.: CD8 T cell clones
inhibit antitumor T cell function by secreting IL-10. J
Immunol 155:5719-27, 1995

[0170] 64. Rohrer ] W, Barsoum A L, Coggin J H, Jr:
Identification of oncofetal antigen/immature laminin
receptor protein epitopes that activate BALB/c mouse
OFA/iLRP-specific effector and regulatory T cell clones. J
Immunol 176:2844-56, 2006

[0171] 65. Rohrer J W, Barsoum A L, Dyess D L, et al:
Human breast carcinoma patients develop clonable
oncofetal antigen-specific effector and regulatory T lym-
phocytes. J Immunol 162:6880-92, 1999

[0172] 66. Rohrer J, Barsoum A, Coggin J: The Develop-
ment of a New Universal Tumor Rejection Antigen
Expressed on Human and Rodent Cancers for Vacccina-
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tion, Prevention of Cancer, and Anti-Tumor Therapy. Mod
Asp Immunobiol 1:191-5, 2001
[0173] 67. Coggin J H, Ir., Rohrer S D, Hester R D, et al:
44-kd oncofetal transplantation antigen in rodent and
human fetal cells. Implications of recrudescence in human
and rodent cancers. Arch Otolaryngol Head Neck Surg
119:1257-66, 1993
[0174] 68. Rohrer S D, Sarli R N, Barsoum A L, et al:
Expression of 44-kilodalton oncofetal antigen as a prema-
lignancy marker in X irradiation-induced murine T-cell
lymphoma. J Natl Cancer Inst 84:602-9, 1992
[0175] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein
by reference, in their entirety. Aspects of the embodiments
can be modified, if necessary to employ concepts of the
various patents, applications and publications to provide yet
further embodiments.
[0176] Theseand other changes can be made to the embodi-
ments in light of the above-detailed description. In general, in
the following claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed in
the specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

SEQUENCE LISTING

«<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 346

«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 1

Met Ala Met Val Ser Glu Phe Leu Lys Gln Ala Trp Phe

1 5 10

Glu Glu Gln Glu Tyr Val Gln Thr Val Lys Ser Ser Lys

20 25

Gly Ser Ala Val Ser Pro Tyr Pro Thr Phe Asn Pro Ser

35 40 45

Ala Ala Leu His Lys Ala Ile Met Val Lys Gly Val Asp

50 55 60

Ile Ile Asp Ile Leu Thr Lys Arg Asn Asn Ala Gln Arg

65 70 75

Lys Ala Ala Tyr Leu Gln Glu Thr Gly Lys Pro Leu Asp

85 90

Lys Lys Ala Leu Thr Gly His Leu Glu Glu Val Val Leu

100 105

Lys Thr Pro Ala Gln Phe Asp Ala Asp Glu Leu Arg Ala
115 120 125

Gly Leu Gly Thr Asp Glu Asp Thr Leu Ile Glu Ile Leu

130 135 140

Thr Asn Lys Glu Ile Arg Asp Ile Asn Arg Val Tyr Arg

Ile Glu Asn

15

Gly Gly Pro
30
Ser Asp Val

Glu Ala Thr

Gln Gln Ile

80

Glu Thr Leu

95

Ala Leu Leu
110
Ala Met Lys

Ala Ser Arg

Glu Glu Leu
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-continued

145 150 155 160

Lys Arg Asp Leu Ala Lys Asp Ile Thr Ser Asp Thr Ser Gly 2Asp Phe
165 170 175

Arg Asn Ala Leu Leu Ser Leu Ala Lys Gly Asp Arg Ser Glu Asp Phe
180 185 190

Gly Val Asn Glu Asp Leu Ala Asp Ser Asp Ala Arg Ala Leu Tyr CGlu
195 200 205

Ala Gly Glu Arg Arg Lys Gly Thr Asp Val Asn Val Phe Asn Thr Ile
210 215 220

Leu Thr Thr Arg Ser Tyr Pro Gln Leu Arg Arg Val Phe Gln Lys Tyr
225 230 235 240

Thr Lys Tyr Ser Lys His Asp Met Asn Lys Val Leu Asp Leu Glu Leu
245 250 255

Lys Gly Asp Ile Glu Lys Cys Leu Thr Ala Ile Val Lys Cys 2la Thr
260 265 270

Ser Lys Pro Ala Phe Phe Ala Glu Lys Leu His Gln Ala Met Lys Gly
275 280 285

Val Gly Thr Arg His Lys Ala Leu Ile Arg Ile Met Val Ser Arg Ser
290 295 300

Glu Ile Asgp Met Asn Asp Ile Lys Ala Phe Tyr Gln Lys Met Tyr Gly
305 310 315 320

Ile Ser Leu Cys Gln Ala Ile Leu Asp Glu Thr Lys Gly Asp Tyr Glu
325 330 335

Lys Ile Leu Val Ala Leu Cys Gly Gly Asn
340 345

<210> SEQ ID NO 2

<211> LENGTH: 204

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Asn Leu Ile Leu Arg Tyr Thr Phe Ser Lys Met Ala Met Val Ser
1 5 10 15

Glu Phe Leu Lys Gln Ala Trp Phe Ile Glu Asn Glu Glu Gln Glu Tyr
20 25 30

Val Gln Thr Val Lys Ser Ser Lys Gly Gly Pro Gly Ser Ala Val Ser
35 40 45

Pro Tyr Pro Thr Phe Asn Pro Ser Ser Asp Val Ala Ala Leu His Lys
50 55 60

Ala Ile Met Val Lys Gly Val Asp Glu Ala Thr Ile Ile Asp Ile Leu
65 70 75 80

Thr Lys Arg Asn Asn Ala Gln Arg Gln Gln Ile Lys Ala Ala Tyr Leu
85 90 95

Gln Glu Thr Gly Lys Pro Leu Asp Glu Thr Leu Lys Lys Ala Leu Thr
100 105 110

Gly His Leu Glu Glu Val Val Leu Ala Leu Leu Lys Thr Pro Ala Gln
115 120 125

Phe Asp Ala Asp Glu Leu Arg Ala Ala Met Lys Gly Leu Gly Thr Asp
130 135 140

Glu Asp Thr Leu Ile Glu Ile Leu Ala Ser Arg Thr Asn Lys Glu Ile
145 150 155 160
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Arg Asp Ile Asn Arg Val Tyr Arg Glu Glu Leu Lys Arg Asp Leu Ala
165 170 175

Lys Asp Ile Thr Ser Asp Thr Ser Gly Asp Phe Arg Asn Ala Leu Leu
180 185 190

Ser Leu Ala Lys Gly Asp Arg Ser Glu Asp Phe Gly
195 200

<210> SEQ ID NO 3

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Ala Met Val Ser Glu Phe Leu Lys Gln Ala Trp Phe Ile Glu Asn
1 5 10 15

Glu Glu Gln Glu Tyr Val Gln Thr Val Lys Ser Ser Lys Gly Gly Pro
20 25 30

Gly Ser Ala Val Ser Pro Tyr Pro Thr Phe Asn Pro Ser Ser Asp Val
35 40 45

Ala Ala Leu His Lys Ala Ile Met Val Lys Gly Val Asp Glu Ala Thr
50 55 60

Ile Ile Asp Ile Leu Thr Lys Arg Ash Asn Ala Gln Arg Gln Gln Ile
65 70 75 80

Lys Ala Ala Tyr Leu Gln Glu Thr Gly Lys Pro Leu Asp Glu Thr Leu
85 90 85

Lys Lys Ala Leu Thr Gly His Leu Glu Glu Val Val Leu Ala Leu Leu
100 105 110

Lys Thr Pro
115

<210> SEQ ID NO 4

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Glu Lys Thr Glu Leu Ile Gln Lys Ala Lys Leu Ala Glu Gln 2la
1 5 10 15

Glu Arg Tyr Asp Asp Met Ala Thr Cys Met Lys Ala Val Thr Glu Gln
20 25 30

Gly Ala Glu Leu Ser Asn Glu Glu Arg Asn Leu Leu Ser Val Ala Tyr
35 40 45

Lys Asn Val Val Gly Gly Arg Arg Ser Ala Trp Arg Val Ile Ser Ser
50 55 60

Ile Glu Gln Lys Thr Asp Thr Ser Asp Lys Lys Leu Gln Leu Ile Lys
65 70 75 80

Asp Tyr Arg Glu Lys Val Glu Ser Glu Leu Arg Ser Ile Cys Thr Thr
85 90 95

Val Leu Glu Leu Leu Asp Lys Tyr Leu Ile Ala Asn Ala Thr Asn Pro
100 105 110

Glu Ser Lys Val Phe Tyr Leu Lys Met Lys Gly Asp Tyr Phe Arg Tyr
115 120 125

Leu Ala Glu Val Ala Cys Gly Asp Asp Arg Lys Gln Thr Ile Asp Asn
130 135 140
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Ser Gln Gly Ala Tyr Gln Glu Ala Phe Asp Ile Ser Lys Lys Glu Met
145 150 155 160

Gln Pro Thr His Pro Ile Arg Leu Gly Leu Ala Leu Asn Phe Ser Val
165 170 175

Phe Tyr Tyr Glu Ile Leu Asn Asn Pro Glu Leu Ala Cys Thr Leu 2Ala
180 185 190

Lys Thr Ala Phe Asp Glu Ala Ile Ala Glu Leu Asp Thr Leu 2Zsn Glu
195 200 205

Asp Ser Tyr Lys Asp Ser Thr Leu Ile Met Gln Leu Leu Arg Asp Asn
210 215 220

Leu Thr Leu Trp Thr Ser Asp Ser Ala Gly Glu Glu Cys Asp 2la 2Ala
225 230 235 240

Glu Gly Ala Glu Asn
245

<210> SEQ ID NO 5

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Tyr Trp His Ala Gln Met Glu Lys Thr Glu Leu Ile Gln Lys Ala Lys
1 5 10 15

Leu Ala Glu Gln Ala Glu Arg Tyr Asp Asp Met Ala Thr Cys Met Lys
20 25 30

Ala Val Thr Glu Gln Gly Ala Glu Leu Ser Ash Glu Glu Arg Asnh Leu
35 40 45

Leu Ser Val Ala Tyr Lys Asn Val Val Gly Gly Arg Arg Ser 2la Trp
50 55 60

Arg Val Ile Ser Ser Ile Glu Gln Lys Thr Asp Thr Ser Asp Lys Lys
65 70 75 80

Leu Gln Leu Ile Lys Asp Tyr Arg Glu Lys Val Glu Ser Glu Leu Arg
85 90 85

Ser Ile Cys Thr Thr Val Leu Glu Leu Leu Asp Lys Tyr Leu Ile Ala
100 105 110

Asn Ala Thr Asn Pro Glu Ser Lys Val Phe Tyr Leu Lys Met Lys Gly
115 120 125

Asp Tyr Phe Arg Tyr Leu Ala Glu Val Ala Cys Gly Asp Asp Arg Lys
130 135 140

Gln Thr Ile Asp Asn Ser Gln Gly Ala Tyr
145 150

<210> SEQ ID NO 6

<211> LENGTH: 295

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met Ser Gly Ala Leu Asp Val Leu Gln Met Lys Glu Glu Asp Val Leu
1 5 10 15

Lys Phe Leu Ala Ala Gly Thr His Leu Gly Gly Thr Asn Leu Asp Phe
20 25 30

Gln Met Glu Gln Tyr Ile Tyr Lys Arg Lys Ser Asp Gly Ile Tyr Ile
35 40 45
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Ile Asn Leu Lys Arg Thr Trp Glu Lys Leu Leu Leu Thr Ala Arg Ala
50 55 60

Ile Val Ala Ile Glu Asn Pro Ala Asp Val Ser Val Ile Ser Ser Arg
65 70 75 80

Asn Thr Gly Gln Arg Ala Val Leu Lys Phe Ala Ala Ala Thr Gly Ala
85 90 85

Thr Pro Ile Ala Gly Arg Phe Thr Pro Gly Thr Phe Thr Asn Gln Ile
100 105 110

Gln Ala Ala Phe Arg Glu Pro Arg Leu Leu Val Val Ser Asp Pro Arg
115 120 125

Ala Asp His Gln Pro Leu Thr Glu Ala Ser Tyr Val Asn Leu Pro Thr
130 135 140

Ile Ala Leu Cys Asn Thr Asp Ser Pro Leu His Tyr Val Asp Ile Ala
145 150 155 160

Ile Pro Cys Asn Asn Lys Gly Thr His Ser Val Gly Leu Met Trp Trp
165 170 175

Met Leu Ala Arg Glu Val Leu Arg Met Arg Gly Thr Ile Ser Arg CGlu
180 185 190

His Pro Trp Glu Val Met Pro Asp Leu Tyr Phe Tyr Arg Asp Pro Glu
195 200 205

Glu Ile Glu Lys Glu Glu Gln Ala Ala Ala Glu Lys Ala Met Thr Arg
210 215 220

Glu Glu Leu Gln Gly Glu Trp Thr Ala Pro Ala Pro Glu Phe Thr Ala
225 230 235 240

Thr Gln Pro Glu Val Ala Asp Trp Ser Glu Gly Val Gln Val Pro Ser
245 250 255

Val Pro Ile Gln Gln Phe Pro Thr Glu Asp Trp Ser Thr Gln Arg Ala
260 265 270

Thr Glu Asp Trp Ser Ala Ala Pro Thr Ala Gln Ala Thr Glu Trp Val
275 280 285

Gly Ala Thr Thr Asp Trp Ser
290 295

<210> SEQ ID NO 7

<211> LENGTH: 300

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Ser Gly Ala Leu Agp Val Leu Gln Met Lys Glu Glu Asp Val Leu
1 5 10 15

Lys Phe Leu Ala Ala Gly Thr His Leu Gly Gly Thr Asn Leu Asp Phe
20 25 30

Gln Met Glu Gln Tyr Ile Tyr Lys Arg Lys Ser Asp Gly Ile Tyr Ile
35 40 45

Ile Asn Leu Lys Arg Thr Trp Glu Lys Leu Leu Leu Ala Ala Arg Ala
50 55 60

Ile Val Ala Ile Glu Asn Pro Ala Asp Val Ser Val Ile Ser Ser Arg
65 70 75 80

Asn Thr Gly Gln Val Cys Gly Thr Val Arg Ala Val Leu Lys Phe 2la
85 90 95

Ala Ala Thr Gly Ala Thr Pro Ile Ala Gly Arg Phe Thr Pro Gly Thr
100 105 110
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Phe Thr Asn Gln Ile Gln Ala Ala Phe Arg Glu Pro Arg Leu Leu Val
115 120 125

Val Thr Asp Pro Arg Ala Asp His Gln Pro Leu Thr Glu Ala Ser Tyr
130 135 140

Val Asn Leu Pro Thr Ile Ala Leu Cys Asn Thr Asp Ser Pro Leu Arg
145 150 155 160

Tyr Val Asp Ile Ala Ile Pro Cys Asn Asn Lys Gly Ala His Ser Val
165 170 175

Gly Leu Met Trp Trp Met Leu Ala Arg Glu Val Leu Arg Met Arg Cly
180 185 190

Thr Ile Ser Arg Glu His Pro Trp Glu Val Met Pro Asp Leu Tyr Phe
195 200 205

Tyr Arg Asp Pro Glu Glu Ile Glu Lys Glu Glu Gln Ala Ala 2la Glu
210 215 220

Lys Ala Val Thr Lys Glu Glu Phe Gln Gly Glu Trp Thr Ala Pro 2Ala
225 230 235 240

Pro Glu Phe Thr Ala Thr Gln Pro Glu Val Ala Asp Trp Ser Glu Gly
245 250 255

Val Gln Val Pro Ser Val Pro Ile Gln Gln Phe Pro Thr Glu Asp Trp
260 265 270

Ser Ala Gln Pro Ala Thr Glu Asp Trp Ser Ala Ala Pro Thr 2la Gln
275 280 285

Ala Thr Glu Trp Val Gly Ala Thr Thr Asp Trp Ser
290 295 300

<210> SEQ ID NO 8

<211> LENGTH: 295

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Ser Gly Ala Leu Asp Val Leu Gln Met Lys Glu Glu Asp Val Leu
1 5 10 15

Lys Phe Leu Ala Ala Gly Thr His Leu Gly Gly Thr Asn Leu Asp Phe
20 25 30

Gln Met Glu Gln Tyr Ile Tyr Lys Arg Lys Ser Asp Gly Ile Tyr Ile
35 40 45

Ile Asn Leu Lys Arg Thr Trp Glu Lys Leu Leu Leu Ala Ala Arg Ala
50 55 60

Ile Val Ala Ile Glu Asn Pro Ala Asp Val Ser Val Ile Ser Ser Arg
65 70 75 80

Asn Thr Gly Gln Arg Ala Val Leu Lys Phe Ala Ala Ala Thr Gly 2Ala
85 90 95

Thr Pro Ile Ala Gly Arg Phe Thr Pro Gly Thr Phe Thr Asn Gln Ile
100 105 110

Gln Ala Ala Phe Arg Glu Pro Arg Leu Leu Val Val Thr Asp Pro Arg
115 120 125

Ala Asp Hisg Gln Pro Leu Thr Glu Ala Ser Tyr Val Asn Leu Pro Thr
130 135 140

Ile Ala Leu Cys Asn Thr Asp Ser Pro Leu Arg Tyr Val Asp Ile Ala
145 150 155 160

Ile Pro Cys Asn Asn Lys Gly Ala His Ser Val Gly Leu Met Trp Trp
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165 170 175

Met Leu Ala Arg Glu Val Leu Arg Met Arg Gly Thr Ile Ser Arg Clu
180 185 190

His Pro Trp Glu Val Met Pro Asp Leu Tyr Phe Tyr Arg Asp Pro Clu
195 200 205

Glu Ile Glu Lys Glu Glu Gln Ala Ala Ala Glu Lys Ala Val Thr Lys
210 215 220

Glu Glu Phe Gln Gly Glu Trp Thr Ala Pro Ala Pro Glu Phe Thr 2Ala
225 230 235 240

Thr Gln Pro Glu Val Ala Asp Trp Ser Glu Gly Val Gln Val Pro Ser
245 250 255

Val Pro Ile Gln Gln Phe Pro Thr Glu Asp Trp Ser Ala Gln Pro Ala
260 265 270

Thr Glu Asp Trp Ser Ala Ala Pro Thr Ala Gln Ala Thr Glu Trp Val
275 280 285

Gly Ala Thr Thr Asp Trp Ser
290 295

<210> SEQ ID NO 9

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Met Ser Gly Ala Leu Asp Val Leu Gln Met Lys Glu Glu Asp Val Leu
1 5 10 15

Lys Phe Leu Ala Ala Gly Thr His Leu Gly Gly Thr Asn Leu Asp Phe
20 25 30

Gln Met Glu Gln Tyr Ile Tyr Lys Arg Lys Ser Asp Gly Ile Tyr Ile
35 40 45

Ile Asn Leu Lys Arg Thr Trp Glu Lys Leu Leu Leu Ala Ala Arg Ala
50 55 60

Ile Val Ala Ile Glu Asnh Pro Ala Asp Val Ser Val Ile Ser Ser Arg
65 70 75 80

Asn Thr Gly Gln Arg Ala Val Leu Lys Phe Ala Ala Ala Thr Gly Ala
85 90 85

Thr Pro Ile Ala Gly Arg Phe Thr Pro Gly Thr Phe Thr Asn Gln Ile
100 105 110

Gln Ala Ala Phe Arg Glu Pro Arg Leu Leu Val Val Thr Asp Pro Arg
115 120 125

Ala Asp His Gln Pro Leu Thr Glu Ala Ser Tyr Val Asn Leu Pro Thr
130 135 140

Ile Ala Leu
145

<210> SEQ ID NO 10

<211> LENGTH: 213

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Met Ser Gly Ala Leu Agp Val Leu Gln Met Lys Glu Glu Asp Val Leu
1 5 10 15

Lys Phe Leu Ala Ala Gly Thr His Leu Gly Gly Thr Asn Leu Asp Phe
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20 25 30

Gln Met Glu Gln Tyr Ile Tyr Lys Arg Lys Ser Asp Gly Ile Tyr Ile
35 40 45

Ile Asn Leu Lys Arg Thr Trp Glu Lys Leu Leu Leu Ala Ala Arg Ala
50 55 60

Ile Val Ala Ile Glu Asn Pro Ala Asp Val Ser Val Ile Ser Ser Arg
65 70 75 80

Asn Thr Gly Gln Gly Ala His Ser Val Gly Leu Met Trp Trp Met Leu
85 90 85

Ala Arg Glu Val Leu Arg Met Arg Gly Thr Ile Ser Arg Glu His Pro
100 105 110

Trp Glu Val Met Pro Asp Leu Tyr Phe Tyr Arg Asp Pro Glu Glu Ile
115 120 125

Glu Lys Glu Glu Gln Ala Ala Ala Glu Lys Ala Val Thr Lys Glu CGlu
130 135 140

Phe Gln Gly Glu Trp Thr Ala Pro Ala Pro Glu Phe Thr Ala Thr Gln
145 150 155 160

Pro Glu Val Ala Asp Trp Ser Glu Gly Val Gln Val Pro Ser Val Pro
165 170 175

Ile Gln Gln Phe Pro Thr Glu Asp Trp Ser Ala Gln Pro Ala Thr Glu
180 185 190

Agp Trp Ser Ala Ala Pro Thr Ala Gln Ala Thr Glu Trp Val Gly Ala
195 200 205

Thr Thr Asp Trp Ser
210

<210> SEQ ID NO 11

<211> LENGTH: 316

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Ala Thr Phe Val Glu Leu Ser Thr Lys Ala Lys Met Pro Ile Val
1 5 10 15

Gly Leu Gly Thr Trp Lys Ser Pro Leu Gly Lys Val Lys Glu Ala Val
20 25 30

Lys Val Ala Ile Asp Ala Gly Tyr Arg His Ile Asp Cys Ala Tyr Val
35 40 45

Tyr Gln Asn Glu His Glu Val Gly Glu Ala Ile Gln Glu Lys Ile Gln
50 55 60

Glu Lys Ala Val Lys Arg Glu Asp Leu Phe Ile Val Ser Lys Leu Trp
65 70 75 80

Pro Thr Phe Phe Glu Arg Pro Leu Val Arg Lys Ala Phe Glu Lys Thr
85 90 95

Leu Lys Asp Leu Lys Leu Ser Tyr Leu Asp Val Tyr Leu Ile His Trp
100 105 110

Pro Gln Gly Phe Lys Ser Gly Asp Asp Leu Phe Pro Lys Asp Asp Lys
115 120 125

Gly Asn Ala Ile Gly Gly Lys Ala Thr Phe Leu Asp Ala Trp Glu Ala
130 135 140

Met Glu Glu Leu Val Asp Glu Gly Leu Val Lys Ala Leu Gly Val Ser
145 150 155 160
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Asn Phe Ser His Phe Gln Ile Glu Lys Leu Leu Asn Lys Pro Gly Leu
165 170 175

Lys Tyr Lys Pro Val Thr Asn Gln Val Glu Cys His Pro Tyr Leu Thr
180 185 190

Gln Glu Lys Leu Ile Gln Tyr Cys His Ser Lys Gly Ile Thr Val Thr
195 200 205

Ala Tyr Ser Pro Leu Gly Ser Pro Asp Arg Pro Trp Ala Lys Pro Glu
210 215 220

Asp Pro Ser Leu Leu Glu Asp Pro Lys Ile Lys Glu Ile Ala Ala Lys
225 230 235 240

His Lys Lys Thr Ala Ala Gln Val Leu Ile Arg Phe His Ile Gln Arg
245 250 255

Asn Val Ile Val Ile Pro Lys Ser Val Thr Pro Ala Arg Ile Val Glu
260 265 270

Asn Ile Gln Val Phe Asp Phe Lys Leu Ser Asp Glu Glu Met Ala Thr
275 280 285

Ile Leu Ser Phe Asn Arg Asn Trp Arg Ala Cys Asn Val Leu Gln Ser
290 295 300

Ser His Leu Glu Asp Tyr Pro Phe Asp Ala Glu Tyr
305 310 315

<210> SEQ ID NO 12

<211> LENGTH: 430

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Met Ala Leu Leu His Ser Gly Arg Val Leu Pro Gly Ile Ala Ala Ala
1 5 10 15

Phe His Pro Gly Leu Ala Ala Ala Ala Ser Ala Arg Ala Ser Ser Trp
20 25 30

Trp Thr His Val Glu Met Gly Pro Pro Asp Pro Ile Leu Gly Val Thr
35 40 45

Glu Ala Phe Lys Arg Asp Thr Asn Ser Lys Lys Met Asn Leu Gly Val
50 55 60

Gly Ala Tyr Arg Asp Asp Asn Gly Lys Pro Tyr Val Leu Pro Ser Val
65 70 75 80

Arg Lys Ala Glu Ala Gln Ile Ala Ala Lys Asn Leu Asp Lys Glu Tyr
85 90 85

Leu Pro Ile Gly Gly Leu Ala Glu Phe Cys Lys Ala Ser Ala Glu Leu
100 105 110

Ala Leu Gly Glu Asn Ser Glu Val Leu Lys Ser Gly Arg Phe Val Thr
115 120 125

Val Gln Thr Ile Ser Gly Thr Gly Ala Leu Arg Ile Gly Ala Ser Phe
130 135 140

Leu Gln Arg Phe Phe Lys Phe Ser Arg Asp Val Phe Leu Pro Lys Pro
145 150 155 160

Thr Trp Gly Asn His Thr Pro Ile Phe Arg Asp Ala Gly Met Gln Leu
165 170 175

Gln Gly Tyr Arg Tyr Tyr Asp Pro Lys Thr Cys Gly Phe Asp Phe Thr
180 185 190

Gly Ala Val Glu Asp Ile Ser Lys Ile Pro Glu Gln Ser Val Leu Leu
195 200 205
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Leu His Ala Cys Ala His Asn Pro Thr Gly Val Asp Pro Arg Pro Glu
210 215 220

Gln Trp Lys Glu Ile Ala Thr Val Val Lys Lys Arg Asn Leu Phe Ala
225 230 235 240

Phe Phe Asp Met Ala Tyr Gln Gly Phe Ala Ser Gly Asp Gly 2Asp Lys
245 250 255

Asp Ala Trp Ala Val Arg His Phe Ile Glu Gln Gly Ile Asn Val Cys
260 265 270

Leu Cys Gln Ser Tyr Ala Lys Asn Met Gly Leu Tyr Gly Glu Arg Val
275 280 285

Gly Ala Phe Thr Met Val Cys Lys Asp Ala Asp Glu Ala Lys Arg Val
290 295 300

Glu Ser Gln Leu Lys Ile Leu Ile Arg Pro Met Tyr Ser Asn Pro Pro
305 310 315 320

Leu Asn Gly Ala Arg Ile Ala Ala Ala Ile Leu Asn Thr Pro 2Asp Leu
325 330 335

Arg Lys Gln Trp Leu Gln Glu Val Lys Gly Met Ala Asp Arg Ile Ile
340 345 350

Gly Met Arg Thr Gln Leu Val Ser Asn Leu Lys Lys Glu Gly Ser Thr
355 360 365

His Asn Trp Gln His Ile Thr Asp Gln Ile Gly Met Phe Cys Phe Thr
370 375 380

Gly Leu Lys Pro Glu Gln Val Glu Arg Leu Ile Lys Glu Phe Ser Ile
385 390 395 400

Tyr Met Thr Lys Asp Gly Arg Ile Ser Val Ala Gly Val Thr Ser Ser
405 410 415

Asn Val Gly Tyr Leu Ala His Ala Ile His Gln Val Thr Lys
420 425 430

<210> SEQ ID NO 13

<211> LENGTH: 633

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Ala Asn Gln Val Asn Gly Asn Ala Val Gln Leu Lys Glu Glu Glu
1 5 10 15

Glu Pro Met Asp Thr Ser Ser Val Thr His Thr Glu His Tyr Lys Thr
20 25 30

Leu Ile Glu Ala Gly Leu Pro Gln Lys Val Ala Glu Arg Leu Asp Glu
35 40 45

Ile Phe Gln Thr Gly Leu Val Ala Tyr Val Asp Leu Asp Glu Arg Ala
50 55 60

Ile Asp Ala Leu Arg Glu Phe Asn Glu Glu Gly Ala Leu Ser Val Leu
65 70 75 80

Gln Gln Phe Lys Glu Ser Asp Leu Ser His Val Gln Asn Lys Ser Ala
85 90 95

Phe Leu Cys Gly Val Met Lys Thr Tyr Arg Gln Arg Glu Lys Gln Gly
100 105 110

Ser Lys Val Gln Glu Ser Thr Lys Gly Pro Asp Glu Ala Lys Ile Lys
115 120 125

Ala Leu Leu Glu Arg Thr Gly Tyr Thr Leu Asp Val Thr Thr Gly Gln
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130 135 140

Arg Lys Tyr Gly Gly Pro Pro Pro Asp Ser Val Tyr Ser Gly Val Gln
145 150 155 160

Pro Gly Ile Gly Thr Glu Val Phe Val Gly Lys Ile Pro Arg 2Asp Leu
165 170 175

Tyr Glu Asp Glu Leu Val Pro Leu Phe Glu Lys Ala Gly Pro Ile Trp
180 185 190

Asp Leu Arg Leu Met Met Asp Pro Leu Ser Gly Gln Asn Arg Gly Tyr
195 200 205

Ala Phe Ile Thr Phe Cys Gly Lys Glu Ala Ala Gln Glu Ala Val Lys
210 215 220

Leu Cys Asp Ser Tyr Glu Ile Arg Pro Gly Lys His Leu Gly Val Cys
225 230 235 240

Ile Ser Val Ala Asn Asn Arg Leu Phe Val Gly Ser Ile Pro Lys Asn
245 250 255

Lys Thr Lys Glu Asn Ile Leu Glu Glu Phe Ser Lys Val Thr Glu Gly
260 265 270

Leu Val Asp Val Ile Leu Tyr His Gln Pro Asp Asp Lys Lys Lys Asn
275 280 285

Arg Gly Phe Cys Phe Leu Glu Tyr Glu Asp Hisg Lys Ser Ala Ala Gln
290 295 300

Ala Arg Arg Arg Leu Met Ser Gly Lys Val Lys Val Trp Gly Asn Val
305 310 315 320

Val Thr Val Glu Trp Ala Asp Pro Val Glu Glu Pro Asp Pro Glu Val
325 330 335

Met Ala Lys Val Lys Val Leu Phe Val Arg Asn Leu Ala Thr Thr Val
340 345 350

Thr Glu Glu Ile Leu Glu Lys Ser Phe Ser Glu Phe Gly Lys Leu Glu
355 360 365

Arg Val Lys Lys Leu Lys Asp Tyr Ala Phe Val His Phe Glu Asp Arg
370 375 380

Gly Ala Ala Val Lys Ala Met Asp Glu Met Asn Gly Lys Glu Ile Glu
385 390 395 400

Gly Glu Glu Ile Glu Ile Val Leu Ala Lys Pro Pro Asp Lys Lys Arg
405 410 415

Lys Glu Arg Gln Ala Ala Arg Gln Ala Ser Arg Ser Thr Ala Tyr Glu
420 425 430

Asp Tyr Tyr Tyr His Pro Pro Pro Arg Met Pro Pro Pro Ile Arg Gly
435 440 445

Arg Gly Arg Gly Gly Gly Arg Gly Gly Tyr Gly Tyr Pro Pro Asp Tyr
450 455 460

Tyr Gly Tyr Glu Asp Tyr Tyr Asp Asp Tyr Tyr Gly Tyr Asp Tyr His
465 470 475 480

Asp Tyr Arg Gly Gly Tyr Glu Asp Pro Tyr Tyr Gly Tyr Asp Asp Gly
485 490 495

Tyr Ala Val Arg Gly Arg Gly Gly Gly Arg Gly Gly Arg Gly Ala Pro
500 505 510

Pro Pro Pro Arg Gly Arg Gly Ala Pro Pro Pro Arg Gly Arg Ala Gly
515 520 525

Tyr Ser Gln Arg Gly Ala Pro Leu Gly Pro Pro Arg Gly Ser Arg Gly
530 535 540
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Gly Arg Gly Gly Pro Ala Gln Gln Gln Arg Gly Arg Gly Ser Arg Cly
545 550 555 560

Ser Arg Gly Asn Arg Gly Gly Asn Val Gly Gly Lys Arg Lys 2Ala Asp
565 570 575

Gly Tyr Asn Gln Pro Asp Ser Lys Arg Arg Gln Thr Asn Asn Gln Gln
580 585 590

Asn Trp Gly Ser Gln Pro Ile Ala Gln Gln Pro Leu Gln Gln Gly CGly
595 600 605

Asp Tyr Ser Gly Asn Tyr Gly Tyr Asn Asn Asp Asn Gln Glu Phe Tyr
610 615 620

Gln Asp Thr Tyr Gly Gln Gln Trp Lys
625 630

<210> SEQ ID NO 14

<211> LENGTH: 505

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met Arg Leu Arg Arg Leu Ala Leu Phe Pro Gly Val Ala Leu Leu Leu
1 5 10 15

Ala Ala Ala Arg Leu Ala Ala Ala Ser Asp Val Leu Glu Leu Thr Asp
20 25 30

Agp Asn Phe Glu Ser Arg Ile Ser Asp Thr Gly Ser Ala Gly Leu Met
35 40 45

Leu Val Glu Phe Phe Ala Pro Trp Cys Gly His Cys Lys Arg Leu Ala
50 55 60

Pro Glu Tyr Glu Ala Ala Ala Thr Arg Leu Lys Gly Ile Val Pro Leu
65 70 75 80

Ala Lys Val Asp Cys Thr Ala Asn Thr Asn Thr Cys Ash Lys Tyr Gly
85 90 85

Val Ser Gly Tyr Pro Thr Leu Lys Ile Phe Arg Asp Gly Glu Glu Ala
100 105 110

Gly Ala Tyr Asp Gly Pro Arg Thr Ala Asp Gly Ile Val Ser His Leu
115 120 125

Lys Lys Gln Ala Gly Pro Ala Ser Val Pro Leu Arg Thr Glu Glu Glu
130 135 140

Phe Lys Lys Phe Ile Ser Asp Lys Asp Ala Ser Ile Val Gly Phe Phe
145 150 155 160

Agp Asp Ser Phe Ser Glu Ala His Ser Glu Phe Leu Lys Ala Ala Ser
165 170 175

Asgn Leu Arg Asp Asn Tyr Arg Phe Ala His Thr Asn Val Glu Ser Leu
180 185 190

Val Asn Glu Tyr Asp Asp Asn Gly Glu Gly Ile Ile Leu Phe Arg Pro
195 200 205

Ser Hig Leu Thr Asn Lys Phe Glu Asp Lys Thr Val Ala Tyr Thr Glu
210 215 220

Gln Lys Met Thr Ser Gly Lys Ile Lys Lys Phe Ile Gln Glu Asn Ile
225 230 235 240

Phe Gly Ile Cys Pro His Met Thr Glu Asp Asn Lys Asp Leu Ile Gln
245 250 255

Gly Lys Asp Leu Leu Ile Ala Tyr Tyr Asp Val Asp Tyr Glu Lys Asn
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260 265 270

Ala Lys Gly Ser Asn Tyr Trp Arg Asn Arg Val Met Met Val Ala Lys
275 280 285

Lys Phe Leu Asp Ala Gly His Lys Leu Asn Phe Ala Val Ala Ser Arg
290 295 300

Lys Thr Phe Ser His Glu Leu Ser Asp Phe Gly Leu Glu Ser Thr Ala
305 310 315 320

Gly Glu Ile Pro Val Val Ala Ile Arg Thr Ala Lys Gly Glu Lys Phe
325 330 335

Val Met Gln Glu Glu Phe Ser Arg Asp Gly Lys Ala Leu Glu Arg Phe
340 345 350

Leu Gln Asp Tyr Phe Asp Gly Asn Leu Lys Arg Tyr Leu Lys Ser Glu
355 360 365

Pro Ile Pro Glu Ser Asn Asp Gly Pro Val Lys Val Val Val 2la Glu
370 375 380

Asn Phe Asp Glu Ile Val Asn Asn Glu Asn Lys Asp Val Leu Ile Glu
385 390 395 400

Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Asn Leu Glu Pro Lys Tyr
405 410 415

Lys Glu Leu Gly Glu Lys Leu Ser Lys Asp Pro Asn Ile Val Ile Ala
420 425 430

Lys Met Asp Ala Thr Ala Asn Asp Val Pro Ser Pro Tyr Glu Val Arg
435 440 445

Gly Phe Pro Thr Ile Tyr Phe Ser Pro Ala Asn Lys Lys Leu Asn Pro
450 455 460

Lys Lys Tyr Glu Gly Gly Arg Glu Leu Ser Asp Phe Ile Ser Tyr Leu
465 470 475 480

Gln Arg Glu Ala Thr Asn Pro Pro Val Ile Gln Glu Glu Lys Pro Lys
485 490 495

Lys Lys Lys Lys Ala Gln Glu Asp Leu
500 505

<210> SEQ ID NO 15

<211> LENGTH: 152

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Met Ala Asn Leu Glu Arg Thr Phe Ile Ala Ile Lys Pro Asp Gly Val
1 5 10 15

Gln Arg Gly Leu Val Gly Glu Ile Ile Lys Arg Phe Glu Gln Lys CGly
20 25 30

Phe Arg Leu Val Ala Met Lys Phe Leu Arg Ala Ser Glu Glu His Leu
35 40 45

Lys Gln Hisg Tyr Ile Asgp Leu Lys Asp Arg Pro Phe Phe Pro Gly Leu
50 55 60

Val Lys Tyr Met Asn Ser Gly Pro Val Val Ala Met Val Trp Glu Gly
65 70 75 80

Leu Asn Val Val Lys Thr Gly Arg Val Met Leu Gly Glu Thr Asn Pro
85 90 95

Ala Asp Ser Lys Pro Gly Thr Ile Arg Gly Asp Phe Cys Ile Gln Val
100 105 110
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-continued

Gly Arg Asn Ile Ile His Gly Ser
115 120

Glu Ile Ser Leu Trp Phe Lys Pro
130 135

Cys Ala His Asp Trp Val Tyr Glu
145 150

<210> SEQ ID NO 16
<211> LENGTH: 1192
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Met Glu Asp Leu Asp Gln Ser Pro

1 5

Gln
20

Pro Arg Pro Pro Ala Phe Lys

Glu Glu

35

Glu Glu Glu Glu Glu

40

Asp

Glu
50

Glu Glu Val Leu Glu

55

Leu Leu

Ala
65

Ala Val Thr

70

Pro Pro Ala Pro

Phe Phe

85

Gly Asn Asp Val Pro Pro

Ala Val

100

Pro Pro Ala Pro Glu Arg

Val Thr Val Ala Pro

120

Ser Pro

115

Ser

Glu
135

Pro Ser Leu Pro

130

Ser Asp

Ala Ser Val Ser

150

Pro Pro Pro Pro

145
Ala Ala
165

Pro Pro Pro Pro Ala Ala

Lys Arg Arg Gly Ser Ser Ser

180

Gly

Ala Ala

195

Glu Val Ile

200

Pro Ser Pro

Glu Gln Asn Thr

215

Leu Lys Pro

210

Gly

Val Glu

230

Pro Ser Leu Leu Thr Ala

225

Ala Ala Ser Phe Glu

245

Leu Ser Lys

Thr Val Pro Thr Glu Thr

260

Leu Gly

Glu
275

Val Glu Ala

280

Ser Lys Ser Lys

Thr
290

Glu Phe Glu Leu Glu

295

Leu Ser

Val Ala

310

Ser Ser Pro Glu Ser

305

Lys

Asp Ser Val Lys Ser Ala Glu Lys
125

Glu Glu Leu Val Asp Tyr Lys Ser
140

Val
10

Ser Pro

15

Leu Ser Ser Ser Asp

Gln Phe Val Glu

30

Tyr Prc Glu

25

Arg

Glu Glu Glu Glu

45

Asp Asp Glu 2sp

Ala
60

Arg Lys Pro Ala Gly Leu Ser

Ala Ala Gly Ala Pro Leu Met

75

Asp
80
Ala

Pro Ala

95

Pro Pro Leu

90

Arg Gly

Gln
105

Pro Ser Pro

110

Pro Ser Trp Asp

Ala
125

Ser Pro Leu Ser Ala Ala Val

Glu Pro Ala Pro Pro

140

Asp Pro Arg

Gln Ala

155

Glu Val Thr

160

Pro Pro Trp

Thr Ala Ala

175

Pro Ser Pro Pro

170

Pro

Val
185

Glu Thr Phe

190

Asp Leu Ala Leu

Ala Glu

205

Arg Ser Ser Asn Met Asp

Ile Ser Ala Gly Gln Glu Fhe

220

Asp

Ala Pro

240

Leu Pro Ser Leu Ser

235

Ser

Glu
250

Leu Ser

255

His Tyr Leu Gly Asn

Gln Glu Val Ser Glu Ala

270

Leu Asn

265
Thr Ile
285

Lys Leu Leu Asp Arg Asp

Glu Met

300

Tyr Ser Gly Ser Ser Phe

Ala Val Ile

315

Val Ala Asn Pro Arg

320

Apr. 26,2012
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Glu Glu Ile Ile Val Lys Asn Lys Asp Glu Glu Glu Lys Leu Val Ser
325 330 335

Asn Asn Ile Leu His Asn Gln Gln Glu Leu Pro Thr Ala Leu Thr Lys
340 345 350

Leu Val Lys Glu Asp Glu Val Val Ser Ser Glu Lys Ala Lys Asp Ser
355 360 365

Phe Asn Glu Lys Arg Val Ala Val Glu Ala Pro Met Arg Glu Glu Tyr
370 375 380

Ala Asp Phe Lys Pro Phe Glu Arg Val Trp Glu Val Lys Asp Ser Lys
385 390 395 400

Glu Asp Ser Asp Met Leu Ala Ala Gly Gly Lys Ile Glu Ser Asn Leu
405 410 415

Glu Ser Lys Val Asp Lys Lys Cys Phe Ala Asp Ser Leu Glu Gln Thr
420 425 430

Asn His Glu Lys Asp Ser Glu Ser Ser Asn Asp Asp Thr Ser Phe Pro
435 440 445

Ser Thr Pro Glu Gly Ile Lys Asp Arg Ser Gly Ala Tyr Ile Thr Cys
450 455 460

Ala Pro Phe Asn Pro Ala Ala Thr Glu Ser Ile Ala Thr Asn Ile Phe
465 470 475 480

Pro Leu Leu Gly Asp Pro Thr Ser Glu Asn Lys Thr Asp Glu Lys Lys
485 490 495

Ile Glu Glu Lys Lys Ala Gln Ile Val Thr Glu Lys Ash Thr Ser Thr
500 505 510

Lys Thr Ser Asn Pro Phe Leu Val Ala Ala Gln Asp Ser Glu Thr Asp
515 520 525

Tyr Val Thr Thr Asp Asn Leu Thr Lys Val Thr Glu Glu Val Val Ala
530 535 540

Asn Met Pro Glu Gly Leu Thr Pro Asp Leu Val Gln Glu Ala Cys Glu
545 550 555 560

Ser Glu Leu Asn Glu Val Thr Gly Thr Lys Ile Ala Tyr Glu Thr Lys
565 570 575

Met Asp Leu Val Gln Thr Ser Glu Val Met Gln Glu Ser Leu Tyr Pro
580 585 590

Ala Ala Gln Leu Cys Pro Ser Phe Glu Glu Ser Glu Ala Thr Pro Ser
595 600 605

Pro Val Leu Pro Asp Ile Val Met Glu Ala Pro Leu Asn Ser 2Ala Val
610 615 620

Pro Ser Ala Gly Ala Ser Val Ile Gln Pro Ser Ser Ser Pro Leu Glu
625 630 635 640

Ala Ser Ser Val Asn Tyr Glu Ser Ile Lys His Glu Pro Glu Asn Pro
645 650 655

Pro Pro Tyr Glu Glu Ala Met Ser Val Ser Leu Lys Lys Val Ser Gly
660 665 670

Ile Lys Glu Glu Ile Lys Glu Pro Glu Asn Ile Asn Ala Ala Leu Gln
675 680 685

Glu Thr Glu Ala Pro Tyr Ile Ser Ile Ala Cys Asp Leu Ile Lys Glu
690 695 700

Thr Lys Leu Ser Ala Glu Pro Ala Pro Asp Phe Ser Asp Tyr Ser Glu
705 710 715 720
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Met Ala Lys Val Glu Gln Pro Val Pro Asp His Ser Glu Leu Val Clu
725 730 735

Asp Ser Ser Pro Asp Ser Glu Pro Val Asp Leu Phe Ser Asp Asp Ser
740 745 750

Ile Pro Asp Val Pro Gln Lys Gln Asp Glu Thr Val Met Leu Val Lys
755 760 765

Glu Ser Leu Thr Glu Thr Ser Phe Glu Ser Met Ile Glu Tyr Glu Asn
770 775 780

Lys Glu Lys Leu Ser Ala Leu Pro Pro Glu Gly Gly Lys Pro Tyr Leu
785 790 795 800

Glu Ser Phe Lys Leu Ser Leu Asp Asn Thr Lys Asp Thr Leu Leu Pro
805 810 815

Asp Glu Val Ser Thr Leu Ser Lys Lys Glu Lys Ile Pro Leu Gln Met
820 825 830

Glu Glu Leu Ser Thr Ala Val Tyr Ser Asn Asp Asp Leu Phe Ile Ser
835 840 845

Lys Glu Ala Gln Ile Arg Glu Thr Glu Thr Phe Ser Asp Ser Ser Pro
850 855 860

Ile Glu Ile Ile Asp Glu Phe Pro Thr Leu Ile Ser Ser Lys Thr Asp
865 870 875 880

Ser Phe Ser Lys Leu Ala Arg Glu Tyr Thr Asp Leu Glu Val Ser His
885 890 895

Lys Ser Glu Ile Ala Asn Ala Pro Asp Gly Ala Gly Ser Leu Pro Cys
900 905 910

Thr Glu Leu Pro His Asp Leu Ser Leu Lys Asn Ile Gln Pro Lys Val
915 920 925

Glu Glu Lys Ile Ser Phe Ser Asp Asp Phe Ser Lys Asn Gly Ser Ala
930 935 940

Thr Ser Lys Val Leu Leu Leu Pro Pro Asp Val Ser Ala Leu 2la Thr
945 950 955 960

Gln Ala Glu Ile Glu Ser Ile Val Lys Pro Lys Val Leu Val Lys Glu
965 970 875

Ala Glu Lys Lys Leu Pro Ser Asp Thr Glu Lys Glu Asp Arg Ser Pro
980 985 990

Ser Ala Ile Phe Ser Ala Glu Leu Ser Lys Thr Ser Val Val 2Asp Leu
995 1000 1005

Leu Tyr Trp Arg Asp Ile Lys Lys Thr Gly Val Val Phe Gly 2Zla Ser
1010 1015 1020

Leu Phe Leu Leu Leu Ser Leu Thr Val Phe Ser Ile Val Ser Val Thr
1025 1030 1035 1040

Ala Tyr Ile Ala Leu Ala Leu Leu Ser Val Thr Ile Ser Phe 2Arg Ile
1045 1050 1055

Tyr Lys Gly Val Ile Gln Ala Ile Gln Lys Ser Asp Glu Gly His Pro
1060 1065 1070

Phe Arg Ala Tyr Leu Glu Ser Glu Val Ala Ile Ser Glu Glu Leu Val
1075 1080 1085

Gln Lys Tyr Ser Asn Ser Ala Leu Gly His Val Asn Cys Thr Ile Lys
1090 1095 1100

Glu Leu Arg Arg Leu Phe Leu Val Asp Asp Leu Val Asp Ser Leu Lys
1105 1110 1115 1120

Phe Ala Val Leu Met Trp Val Phe Thr Tyr Val Gly Ala Leu Phe Asn
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1125 1130 1135

Gly Leu Thr Leu Leu Ile Leu Ala Leu Ile Ser Leu Phe Ser Val Pro
1140 1145 1150

Val Ile Tyr Glu Arg His Gln Ala Gln Ile Asp His Tyr Leu Gly Leu
1155 1160 1165

Ala Asn Lys Asn Val Lys Asp Ala Met Ala Lys Ile Gln Ala Lys Ile
1170 1175 1180

Pro Gly Leu Lys Arg Lys Ala Glu
1185 1190

<210> SEQ ID NO 17

<211> LENGTH: 213

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Met Ser Val Glu Leu Glu Glu Ala Leu Pro Val Thr Thr Ala Glu Cly
1 5 10 15

Met Ala Lys Lys Val Thr Lys Ala Gly Gly Ser Ala Ala Leu Ser Pro
20 25 30

Ser Lys Lys Arg Lys Asn Ser Lys Lys Lys Asn Gln Pro Gly Lys Tyr
35 40 45

Ser Gln Leu Val Val Glu Thr Ile Arg Arg Leu Gly Glu Arg 2sn Gly
50 55 60

Ser Ser Leu Ala Lys Ile Tyr Thr Glu Ala Lys Lys Val Pro Trp Phe
65 70 75 80

Agp Gln Gln Asn Gly Arg Thr Tyr Leu Lys Tyr Ser Ile Lys Ala Leu
85 90 85

Val Gln Asn Asp Thr Leu Leu Gln Val Lys Gly Thr Gly Ala Asn Gly
100 105 110

Ser Phe Lys Leu Asn Arg Lys Lys Leu Glu Gly Gly Gly Glu Arg Arg
115 120 125

Gly Ala Pro Ala Ala Ala Thr Ala Pro Ala Pro Thr Ala His Lys Ala
130 135 140

Lys Lys Ala Ala Pro Gly Ala Ala Gly Ser Arg Arg Ala Asp Lys Lys
145 150 155 160

Pro Ala Arg Gly Gln Lys Pro Glu Gln Arg Ser His Lys Lys Gly Ala
165 170 175

Gly Ala Lys Lys Asp Lys Gly Gly Lys Ala Lys Lys Thr Ala Ala 2la
180 185 190

Gly Gly Lys Lys Val Lys Lys Ala Ala Lys Pro Ser Val Pro Lys Val
195 200 205

Pro Lys Gly Arg Lys
210

<210> SEQ ID NO 18

<211> LENGTH: 466

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Met Val Met Glu Lys Pro Ser Pro Leu Leu Val Gly Arg Glu Phe Val
1 5 10 15

Arg Gln Tyr Tyr Thr Leu Leu Asn Gln Ala Pro Asp Met Leu His Arg
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20 25 30

Phe Tyr Gly Lys Asn Ser Ser Tyr Val His Gly Gly Leu Asp Ser Asn
35 40 45

Gly Lys Pro Ala Asp Ala Val Tyr Gly Gln Lys Glu Ile His Arg Lys
50 55 60

Val Met Ser Gln Asn Phe Thr Asn Cys His Thr Lys Ile Arg His Val
65 70 75 80

Asp Ala His Ala Thr Leu Asn Asp Gly Val Val Val Gln Val Met Cly
85 90 85

Leu Leu Ser Asn Asn Asn Gln Ala Leu Arg Arg Phe Met Gln Thr Phe
100 105 110

Val Leu Ala Pro Glu Gly Ser Val Ala Asn Lys Phe Tyr Val His Asn
115 120 125

Asp Ile Phe Arg Tyr Gln Asp Glu Val Phe Gly Gly Phe Val Thr Glu
130 135 140

Pro Gln Glu Glu Ser Glu Glu Glu Val Glu Glu Pro Glu Glu Arg Gln
145 150 155 160

Gln Thr Pro Glu Val Val Pro Asp Asp Ser Gly Thr Phe Tyr ZAsp Gln
165 170 175

Ala Val Val Ser Asn Agp Met Glu Glu His Leu Glu Glu Pro Val Ala
180 185 190

Glu Pro Glu Pro Agp Pro Glu Pro Glu Pro Glu Gln Glu Pro Val Ser
195 200 205

Glu Ile Gln Glu Glu Lys Pro Glu Pro Val Leu Glu Glu Thr Ala Pro
210 215 220

Glu Asp Ala Gln Lys Ser Ser Ser Pro Ala Pro Ala Asp Ile Ala Gln
225 230 235 240

Thr Val Gln Glu Asp Leu Arg Thr Phe Ser Trp Ala Ser Val Thr Ser
245 250 255

Lys Asn Leu Pro Pro Ser Gly Ala Val Pro Val Thr Gly Ile Pro Pro
260 265 270

His Val Val Lys Val Pro Ala Ser Gln Pro Arg Pro Glu Ser Lys Pro
275 280 285

Glu Ser Gln Ile Pro Pro Gln Arg Pro Gln Arg Asp Gln Arg Val Arg
290 295 300

Glu Gln Arg Ile Asn Ile Pro Pro Gln Arg Gly Pro Arg Pro Ile Arg
305 310 315 320

Glu Ala Gly Glu Gln Gly Asp Ile Glu Pro Arg Arg Met Val Arg His
325 330 335

Pro Asp Ser His Gln Leu Phe Ile Gly Asn Leu Pro Hig Glu Val Asp
340 345 350

Lys Ser Glu Leu Lys Asp Phe Phe Gln Ser Tyr Gly Asn Val Val Glu
355 360 365

Leu Arg Ile Asn Ser Gly Gly Lys Leu Pro Asn Phe Gly Phe Val Val
370 375 380

Phe Asp Asp Ser Glu Pro Val Gln Lys Val Leu Ser Asn Arg Pro Ile
385 390 395 400

Met Phe Arg Gly Glu Val Arg Leu Asn Val Glu Glu Lys Lys Thr Arg
405 410 415

Ala Ala Arg Glu Gly Asp Arg Arg Asp Asn Arg Leu Arg Gly Pro Gly
420 425 430
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Gly Pro Arg Gly Gly Leu Gly Gly Gly Met Arg Gly Pro Pro Arg Cly
435 440 445

Gly Met Val Gln Lys Pro Gly Phe Gly Val Gly Arg Gly Leu Ala Pro
450 455 460

Arg Gln
465

<210> SEQ ID NO 19

<211> LENGTH: 732

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Met Pro Glu Glu Thr Gln Thr Gln Asp Gln Pro Met Glu Glu Glu CGlu
1 5 10 15

Val Glu Thr Phe Ala Phe Gln Ala Glu Ile Ala Gln Leu Met Ser Leu
20 25 30

Ile Ile Asn Thr Phe Tyr Ser Asn Lys Glu Ile Phe Leu Arg Glu Leu
35 40 45

Ile Ser Asn Ser Ser Asp Ala Leu Asp Lys Ile Arg Tyr Glu Ser Leu
50 55 60

Thr Asp Pro Ser Lys Leu Asp Ser Gly Lys Glu Leu Hig Ile Asn Leu
65 70 75 80

Ile Pro Asn Lys Gln Asp Arg Thr Leu Thr Ile Val Asp Thr Gly Ile
85 90 85

Gly Met Thr Lys Ala Asp Leu Ile Asn Asn Leu Gly Thr Ile Ala Lys
100 105 110

Ser Gly Thr Lys Ala Phe Met Glu Ala Leu Gln Ala Gly Ala 2sp Ile
115 120 125

Ser Met Ile Gly Gln Phe Gly Val Gly Phe Tyr Ser Ala Tyr Leu Val
130 135 140

Ala Glu Lys Val Thr Val Ile Thr Lys His Asn Asp Asp Glu Gln Tyr
145 150 155 160

Ala Trp Glu Ser Ser Ala Gly Gly Ser Phe Thr Val Arg Thr Asp Thr
165 170 175

Gly Glu Pro Met Gly Arg Gly Thr Lys Val Ile Leu His Leu Lys Glu
180 185 190

Asp Gln Thr Glu Tyr Leu Glu Glu Arg Arg Ile Lys Glu Ile Val Lys
195 200 205

Lys Hig Ser Gln Phe Ile Gly Tyr Pro Ile Thr Leu Phe Val Glu Lys
210 215 220

Glu Arg Asp Lys Glu Val Ser Asp Asp Glu Ala Glu Glu Lys Glu Asp
225 230 235 240

Lys Glu Glu Glu Lys Glu Lys Glu Glu Lys Glu Ser Glu Asp Lys Pro
245 250 255

Glu Ile Glu Asp Val Gly Ser Asp Glu Glu Glu Glu Lys Lys Asp Gly
260 265 270

Asp Lys Lys Lys Lys Lys Lys Ile Lys Glu Lys Tyr Ile Asp Gln Glu
275 280 285

Glu Leu Asn Lys Thr Lys Pro Ile Trp Thr Arg Asn Pro Asp Asp Ile
290 295 300

Thr Asn Glu Glu Tyr Gly Glu Phe Tyr Lys Ser Leu Thr Asn Asp Trp
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305 310 315 320

Glu Asp His Leu Ala Val Lys His Phe Ser Val Glu Gly Gln Leu Clu
325 330 335

Phe Arg Ala Leu Leu Phe Val Pro Arg Arg Ala Pro Phe Asp Leu Phe
340 345 350

Glu Asn Arg Lys Lys Lys Asn Asn Ile Lys Leu Tyr Val Arg Arg Val
355 360 365

Phe Ile Met Asp Asn Cys Glu Glu Leu Ile Pro Glu Tyr Leu 2Asn Phe
370 375 380

Ile Arg Gly Val Val Asp Ser Glu Asp Leu Pro Leu Asn Ile Ser Arg
385 390 395 400

Glu Met Leu Gln Gln Ser Lys Ile Leu Lys Val Ile Arg Lys Asn Leu
405 410 415

Val Lys Lys Cys Leu Glu Leu Phe Thr Glu Leu Ala Glu Asp Lys Glu
420 425 430

Asn Tyr Lys Lys Phe Tyr Glu Gln Phe Ser Lys Asn Ile Lys Leu Gly
435 440 445

Ile His Glu Asp Ser Gln Asn Arg Lys Lys Leu Ser Glu Leu Leu Arg
450 455 460

Tyr Tyr Thr Ser Ala Ser Gly Asp Glu Met Val Ser Leu Lys 2Asp Tyr
465 470 475 480

Cys Thr Arg Met Lys Glu Asn Gln Lys His Ile Tyr Tyr Ile Thr Gly
485 490 495

Glu Thr Lys Asp Gln Val Ala Asn Ser Ala Phe Val Glu Arg Leu Arg
500 505 510

Lys His Gly Leu Glu Val Ile Tyr Met Ile Glu Pro Ile Asp Glu Tyr
515 520 525

Cys Val Gln Gln Leu Lys Glu Phe Glu Gly Lys Thr Leu Val Ser Val
530 535 540

Thr Lys Glu Gly Leu Glu Leu Pro Glu Asp Glu Glu Glu Lys Lys Lys
545 550 555 560

Gln Glu Glu Lys Lys Thr Lys Phe Glu Asn Leu Cys Lys Ile Met Lys
565 570 575

Asp Ile Leu Glu Lys Lys Val Glu Lys Val Val Val Ser Asn Arg Leu
580 585 590

Val Thr Ser Pro Cys Cys Ile Val Thr Ser Thr Tyr Gly Trp Thr Ala
595 600 605

Asn Met Glu Arg Ile Met Lys Ala Gln Ala Leu Arg Asp Asn Ser Thr
610 615 620

Met Gly Tyr Met Ala Ala Lys Lys His Leu Glu Ile Asn Pro Asp His
625 630 635 640

Ser Ile Ile Glu Thr Leu Arg Gln Lys Ala Glu Ala Asp Lys 2Asn Asp
645 650 655

Lys Ser Val Lys Asp Leu Val Ile Leu Leu Tyr Glu Thr Ala Leu Leu
660 665 670

Ser Ser Gly Phe Ser Leu Glu Asp Pro Gln Thr His Ala Asn Arg Ile
675 680 685

Tyr Arg Met Ile Lys Leu Gly Leu Gly Ile Asp Glu Asp Asp Pro Thr
690 695 700

Ala Asp Asp Thr Ser Ala Ala Val Thr Glu Glu Met Pro Pro Leu Glu
705 710 715 720
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Gly Asp Asp Asp Thr Ser Arg Met Glu Glu Val Asp
725 730

<210> SEQ ID NO 20

<211> LENGTH: 911

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Met Val Asp Tyr His Ala Ala Asn Gln Ser Tyr Gln Tyr Gly Pro Ser
1 5 10 15

Ser Ala Gly Asn Gly Ala Gly Gly Gly Gly Ser Met Gly Asp Tyr Met
20 25 30

Ala Gln Glu Asp Asp Trp Asp Arg Asp Leu Leu Leu Asp Pro Ala Trp
35 40 45

Glu Lys Gln Gln Arg Lys Thr Phe Thr Ala Trp Cys Asn Ser His Leu
50 55 60

Arg Lys Ala Gly Thr Gln Ile Glu Asn Ile Asp Glu Asp Phe Arg Asp
65 70 75 80

Gly Leu Lys Leu Met Leu Leu Leu Glu Val Ile Ser Gly Glu Arg Leu
85 90 85

Pro Lys Pro Glu Arg Gly Lys Met Arg Val His Lys Ile Asn Asn Val
100 105 110

Asn Lys Ala Leu Asp Phe Ile Ala Ser Lys Gly Val Lys Leu Val Ser
115 120 125

Ile Gly Ala Glu Glu Ile Val Asp Gly Asn Ala Lys Met Thr Leu Gly
130 135 140

Met Ile Trp Thr Ile Ile Leu Arg Phe Ala Ile Gln Asp Ile Ser Val
145 150 155 160

Glu Glu Thr Ser Ala Lys Glu Gly Leu Leu Leu Trp Cys Gln Arg Lys
165 170 175

Thr Ala Pro Tyr Lys Asn Val Asn Val Gln Asn Phe Hig Ile Ser Trp
180 185 190

Lys Asp Gly Leu Ala Phe Asn Ala Leu Ile His Arg His Arg Pro Glu
195 200 205

Leu Ile Glu Tyr Asp Lys Leu Arg Lys Asp Asp Pro Val Thr 2Asn Leu
210 215 220

Asn Asn Ala Phe Glu Val Ala Glu Lys Tyr Leu Asp Ile Pro Lys Met
225 230 235 240

Leu Asp Ala Glu Asp Ile Val Asn Thr Ala Arg Pro Asp Glu Lys 2la
245 250 255

Ile Met Thr Tyr Val Ser Ser Phe Tyr His Ala Phe Ser Gly Ala Gln
260 265 270

Lys Ala Glu Thr Ala Ala Asn Arg Ile Cys Lys Val Leu Ala Val Asn
275 280 285

Gln Glu Asn Glu His Leu Met Glu Asp Tyr Glu Lys Leu Ala Ser Asp
290 295 300

Leu Leu Glu Trp Ile Arg Arg Thr Ile Pro Trp Leu Glu Asp Arg Val
305 310 315 320

Pro Gln Lys Thr Ile Gln Glu Met Gln Gln Lys Leu Glu Asp Phe Arg
325 330 335

Agp Tyr Arg Arg Val His Lys Pro Pro Lys Val Gln Glu Lys Cys Gln
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340 345 350

Leu Glu Ile Asn Phe Asn Thr Leu Gln Thr Lys Leu Arg Leu Ser 2Asn
355 360 365

Arg Pro Ala Phe Met Pro Ser Glu Gly Lys Met Val Ser Asp Ile Asn
370 375 380

Asn Gly Trp Gln His Leu Glu Gln Ala Glu Lys Gly Tyr Glu Glu Trp
385 390 395 400

Leu Leu Asn Glu Ile Arg Arg Leu Glu Arg Leu Asp His Leu Ala Glu
405 410 415

Lys Phe Arg Gln Lys Ala Ser Ile His Glu Ala Trp Thr Asp Gly Lys
420 425 430

Glu Ala Met Leu Lys His Arg Asp Tyr Glu Thr Ala Thr Leu Ser Asp
435 440 445

Ile Lys Ala Leu Ile Arg Lys His Glu Ala Phe Glu Ser Asp Leu Ala
450 455 460

Ala His Gln Asp Arg Val Glu Gln Ile Ala Ala Ile Ala Gln Glu Leu
465 470 475 480

Asn Glu Leu Asp Tyr Tyr Asp Ser His Asn Val Asn Thr Arg Cys Gln
485 490 495

Lys Ile Cys Asp Gln Trp Asp Ala Leu Gly Ser Leu Thr His Ser Arg
500 505 510

Arg Glu Ala Leu Glu Lys Thr Glu Lys Gln Leu Glu Ala Ile Asp Gln
515 520 525

Leu His Leu Glu Tyr Ala Lys Arg Ala Ala Pro Phe Asn Asn Trp Met
530 535 540

Glu Ser Ala Met Glu Asp Leu Gln Asp Met Phe Ile Val His Thr Ile
545 550 555 560

Glu Glu Ile Glu Gly Leu Ile Ser Ala His Asp Gln Phe Lys Ser Thr
565 570 575

Leu Pro Asp Ala Asp Arg Glu Arg Glu Ala Ile Leu Ala Ile His Lys
580 585 590

Glu Ala Gln Arg Ile Ala Glu Ser Asn His Ile Lys Leu Ser Gly Ser
595 600 605

Asn Pro Tyr Thr Thr Val Thr Pro Gln Ile Ile Asn Ser Lys Trp Glu
610 615 620

Lys Val Gln Gln Leu Val Pro Lys Arg Asp His Ala Leu Leu Glu Glu
625 630 635 640

Gln Ser Lys Gln Gln Ser Asn Glu His Leu Arg Arg Gln Phe Ala Ser
645 650 655

Gln Ala Asn Val Val Gly Pro Trp Ile Gln Thr Lys Met Glu Glu Ile
660 665 670

Gly Arg Ile Ser Ile Glu Met Asn Gly Thr Leu Glu Asp Gln Leu Ser
675 680 685

His Leu Lys Gln Tyr Glu Arg Ser Ile Val Asp Tyr Lys Pro Asn Leu
690 695 700

Agp Leu Leu Glu Gln Gln His Gln Leu Ile Gln Glu Ala Leu Ile Phe
705 710 715 720

Agp Asn Lys Hig Thr Asn Tyr Thr Met Glu His Ile Arg Val Gly Trp
725 730 735

Glu Gln Leu Leu Thr Thr Ile Ala Arg Thr Ile Asn Glu Val Glu Asn
740 745 750
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-continued

Gln Ile Leu Thr Ala Ile Ser

755

Arg Asp Lys

760

Gly

765
Glu Phe
770

Ala Phe Asn His Phe His

775

Arg Ser Asp Lys Asp

780
Glu

Glu Phe

790

Ala Ile

795

Leu Pro Leu Ser Leu

785

Gly Lys Cys

Val Glu Gln Glu Ala Glu

810

Asn Asp Arg Phe Asn

805

Gly Arg

Val Leu Val Thr Phe Gln

825

Pro Asn His Ser

820

Leu Asp Gly

Phe Met

835

Glu Thr Thr

840

Thr Thr Ala

845

Asp Ser Arg Asp Asp

Ile Ala

850

Phe Val Ala Asn Phe

860

Leu
855

Ser Lys Gly Asp Lys

Glu
865

Glu Glu

870

Gln
875

Leu Arg Arg Leu Pro Pro Asp Ala Glu

Ala Met Ala Pro Gln Pro Ala Val Pro

885

Arg Tyr Gly Asp

890

Phe Thr Ala Leu Glu Ser

905

Ser Ser

900

Asp Tyr Lys Tyr Gly

Gln Glu Gln Met

Gly

Gly

Ile

Ala

830

Ile

Tyr

Gly

Asp
910

Gln

Gly Ala

Tyr Asp

800

Met
g15

Ser
Phe Ile
Gln Val
Thr Ala

Ile
880

Cys

Ala
895

Leu

Leu

What is claimed is:

1. A method for diagnosing lung cancer in a pre-diagnostic

subject, comprising:

(a) contacting (i) one or more antibodies from a biological
fluid from the pre-diagnostic subject, and (ii) at least one
isolated pre-diagnostic lung cancer indicator protein,
under conditions and for a time sufficient for detecting
specific binding of at least one antibody from the bio-
logical fluid to one or more of said pre-diagnostic lung
cancer indicator proteins, and therefrom identifying
presence of lung cancer in the pre-diagnostic subject.

2. A screening method for lung cancer, comprising:

(a) contacting (i) one or more antibodies from a biological
fluid from each subject of one or a plurality of subjects,
and (ii) at least one isolated pre-diagnostic lung cancer
indicator protein, under conditions and for a time suffi-
cient for detecting specific binding of at least one anti-
body from the biological fluid to one or more of said
pre-diagnostic lung cancer indicator proteins, wherein
detection of specific binding indicates the subject has
lung cancer, and thereby screening for lung cancer.

3. A method for diagnosing lung cancer in a pre-diagnostic

subject, comprising:

(a) contacting (i) one or more antibodies from a biological
fluid from the pre-diagnostic subject, and (ii) an isolated
protein or polypeptide that comprises one or more anti-
genic epitopes of one or more pre-diagnostic lung cancer
indicator proteins, under conditions and for a time suf-
ficient for detecting specific binding of at least one anti-
body from the biological fluid to one or more of said
antigenic epitopes, and therefrom identifying presence
of lung cancer in the pre-diagnostic subject.

4. A screening method for lung cancer, comprising:

(a) contacting (i) one or more antibodies from a biological
fluid from each subject of one or a plurality of subjects,

and (i1) an isolated protein or polypeptide that comprises
one or more antigenic epitopes of one or more pre-
diagnostic lung cancer indicator proteins, under condi-
tions and for a time sufficient for detecting specific bind-
ing of at least one antibody from the biological fluid to
one or more of said antigenic epitopes, wherein detec-
tion of specific binding indicates the subject has lung
cancer, and thereby screening for lung cancer.

5. The method of claim 1 wherein at least one of the one or
more pre-diagnostic lung cancer indicator proteins comprises
a LAMRI protein.

6. The method of claim 5 wherein the pre-diagnostic lung
cancer indicator proteins further comprise at least one protein
selected from the group consisting of:

(a) annexin I protein

(b) 14-3-3 theta protein

7. The method of claim 1 wherein the lung cancer is
selected from the group consisting of (i) adenocarcinoma, (ii)
squamous cell carcinoma, (iii) non-small cell lung cancer that
1s not (1) or (ii), and (iv) lung cancer that can be defined based
on one or more of causation and gene mutational status.

8. The method of claim 6 wherein the lung cancer is
selected from the group consisting of (i) adenocarcinoma, (ii)
squamous cell carcinoma, (iii) non-small cell lung cancer that
is not (i) or (ii), and (iv) lung cancer that can be defined based
on one or more of causation and gene mutational status.

9. The method of claim 1 wherein the subject or pre-
diagnostic subject is at increased risk for developing lung
cancer.

10. The method of claim 9 wherein the subject or pre-
diagnostic subject has at least one indicator of increased risk
for developing lung cancer that is selected from the group
consisting of (i) a history of asbestos exposure, (ii) a history
of smoking tobacco products, (iii) a history of radon gas
exposure, (iv) a history of exposure to a source of ionizing
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radiation, (v) a history of recurrent lung inflammation, (vi) a
history of tuberculosis, (vi) a history of silicosis, berylliosis
or talc inhalation, (vii) a family history of lung cancer in
genetically related individuals, (viii) a history of vitamin A
deficiency or vitamin A excess, (ix) a history of smoking
cannabis, and (X) exposure to toxic volatile substances or
infectious agents.

11. The method of claim 1 wherein the antibodies are
isolated from the biological fluid prior to the step of contact-
ing.

12. The method of claim 1 wherein the antibodies are
present in the biological fluid during the step of contacting.

13. The method of claim 1 wherein the antibodies are
autoantibodies.

14. The method of claim 1 wherein the biological fluid is
selected from the group consisting of blood, serum, serosal
fluid, plasma, lymph, urine, cerebrospinal fluid, saliva, a
mucosal secretion, a vaginal secretion, ascites fluid, pleural
fluid, pericardial fluid, peritoneal fluid, abdominal fluid, cul-
ture medium, conditioned culture medium and lavage fluid.

15. The method of claim 1 wherein the biological fluid
comprises serum.

16. The method of claim 1 wherein the pre-diagnostic
indicator protein, or the isolated protein or polypeptide that
comprises one or more antigenic epitopes of a pre-diagnostic
indicator protein, is selected from the group consisting of:

(1) a naturally occurring protein or polypeptide,

(11) a synthetic protein or polypeptide,

(iii) a recombinant protein or polypeptide, and

(iv) a fusion protein or polypeptide that comprises a fusion

polypeptide domain fused to the pre-diagnostic indica-
tor protein, or to the polypeptide that comprises one or
more antigenic epitopes of the pre-diagnostic indicator
protein.

17. The method of claim 1 wherein the pre-diagnostic
indicator protein, or the isolated protein or polypeptide that
comprises one or more antigenic epitopes of a pre-diagnostic
indicator protein, is immobilized on a solid substrate.

18. The method of claim 17 wherein the immobilized pre-
diagnostic indicator protein or the immobilized isolated pro-
tein or polypeptide that comprises one or more antigenic
epitopes of a pre-diagnostic indicator protein, is immobilized
by a covalent bond.

19. The method of claim 17 wherein the immobilized pre-
diagnostic indicator protein or the immobilized isolated pro-
tein or polypeptide that comprises one or more antigenic
epitopes of a pre-diagnostic indicator protein, is non-co-
valently immobilized.

20. The method of claim 1 wherein detecting specific bind-
ing of the at least one antibody comprises detecting a signal
that is selected from the group consisting of a fluorescent
signal, a radiometric signal, an enzymatic signal and a spec-
trometric signal.
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21. The method of claim 1 wherein the pre-diagnostic lung
cancer indicator protein is selected from the group consisting
of (i) a non-posttranslationally modified protein, (ii) a post-
translationally modified protein that is selected from a glyco-
protein, a lipoprotein, a phosphoprotein, a proteolipid, a gly-
piated protein, a ubiquitinylated protein, a SUMOylated
protein, a sulfated protein and a glycated protein, and (iii) a
posttranslationally modified protein of (ii) in which one or
more posttranslational modifications result in immunogenic-
ity.

22. The method of claim 1 wherein at least one of the one
or more pre-diagnostic lung cancer indicator proteins com-
prises a protein that is selected from the group consisting of
(a) AKR1B10 protein [SEQ ID NO:11], (b) GOT2 protein
[SEQ ID NO:12], (c) HNRPR protein [SEQ ID NO:13], (d)
PDIA3 protein [SEQ ID NO:14], (¢) NME2 protein [SEQ ID
NO:15], () RTN4 protein [SEQ ID NO:16], (g) HI1FX pro-
tein [SEQ ID NO:17], (h) G3BP protein [SEQ ID NO:18], (i)
HSPCA protein [SEQ ID NO:19], and (j) ACTN4 protein
[SEQ ID NO:20].

23. The method of claim 5 wherein the pre-diagnostic lung
cancer indicator proteins further comprise at least one protein
that is selected from the group consisting of (a) AKR1B10
protein [SEQ ID NO:11], (b) GOT2 protein [SEQID NO:12],
(c) HNRPR protein [SEQ ID NO:13], (d) PDIA3 protein
[SEQ ID NO:14], (e) NME2 protein [SEQ ID NO:15], (f)
RTN4 protein [SEQ ID NO:16], (g) HI1FX protein [SEQ ID
NO:17], (h) G3BP protein [SEQ ID NO:18], (i) HSPCA
protein [SEQ ID NO:19], and (j) ACTN4 protein [SEQ ID
NO:20].

24. A method of monitoring lung cancer autoimmune reac-
tivity in a lung cancer patient, comprising:

(a) contacting, after each of two or more timepoints,

(i) one or more antibodies from a biological fluid that is
taken from a subject at each of said timepoints, and

(ii) a test antigen that is selected from the group consist-
ing of (1) at least one isolated pre-diagnostic lung
cancer indicator protein and (2) at least one isolated
protein or polypeptide that comprises one or more
antigenic epitopes of one or more pre-diagnostic lung
cancer indicator proteins, under conditions and for a
time sufficient for detecting specific binding of at least
one antibody from the biological fluid to one or more
of said pre-diagnostic lung cancer indicator proteins
or antigenic epitopes thereof; and

(b) comparing the specific binding that is detectable by

antibodies from the biological fluid taken at each of said
two or more timepoints, and thereby monitoring lung
cancer autoimmune reactivity in the patient.

25. The method of claim 24 wherein a first timepoint occurs
before administration of a therapeutic agent to the patient and
a second timepoint occurs after administration of the thera-
peutic agent to the patient.

* sk * sk *



patsnap

LT RBFROF) FhfEE 15 ot
[F(RE)E US20120100558A1 K (aH)A 2012-04-26
HiEs US13/062929 HiER 2009-08-27
[FRIE B (ER)A(E) HANASH SAMIRF &
FRIE
FACA SANDRA
BE (R AGE) HANASH SAMIR M.
IR
FACA SANDRA
LFERF(ERR)AGE) HANASH SAMIR M.
FRIE
FACA SANDRA
[¥R]% BB A HANASH SAMIR M
QlU JI
FACA SANDRA
KA HANASH, SAMIR M.
Qlu, Ji
FACA, SANDRA
IPCH %S GO01N33/53
CPCHk5 GO01N33/57423
5 61/095269 2008-09-08 US
ShEREERE Espacenet  USPTO
]ﬁg(i%) Corretation of dupificate spots on the same arcay
AR T EERAE2 I Z A E R ITEASH (B, ERZHZidE - m-oee X/
F)  BEMEREZHENEYRE  EhEEXN —HRZ LM g M -
FEEEFHENE FRM, BERRER , 2ELAMRT , M{Eiki 35 g . e g
B} Ak it SR AR B B B I F0/5814-3-3-0F1/3] G A ST FF Y H b 12 Wi 5 b 2 =
EREA , ENBENTRE, HEXxA%E , SFENmESEXNmEER “ ° RN - e
EANRRRNY , 2RMEZIRERREMMNE , UERNAFFRER
RAZFEEEHMTMZWMERE ~EQ , 2 UUTHN, ©orrelstion of repliamte artays hybriakzed wih the

6 8 10 12 T4 i6

log(RFL}


https://share-analytics.zhihuiya.com/view/bbe083e7-9977-44bd-8dee-11c7eff5d5e3
https://worldwide.espacenet.com/patent/search/family/041797797/publication/US2012100558A1?q=US2012100558A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120100558%22.PGNR.&OS=DN/20120100558&RS=DN/20120100558

