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A method for identifying, diagnosing, and monitoring can-
cerous lung tissues in a subject may include measuring the
expression of at least one biomarker in a biological sample in
the subject, and comparing the expression against a normal
value. When a differential expression of the at least one biom-
arker between the biological sample and the normal value is
more than 1.5-fold, the lung tissue sample is cancerous. The
at least one biomarker is selected from the group consisting of
peroxiredoxin I, peroxiredoxin II, peroxiredoxin III, perox-
iredoxin IV, peroxiredoxin VI, chaperonin, amyloid-P-com-
ponent, annexin V, dihydropyrimidinase-like 2 protein,
glutamate  carboxypeptidase,  2,3-bisphosphoglycerate
mutase, thymidine phosphorylase, prolyl-4 hydroxylase,
selenium binding protein 1, f-mitochondrial ATP synthase
H* transporting F1 complex, laminin-binding protein, min-
ichromosome maintenance deficient protein 5 variant, keratin
9, keratin 10, napsin A aspartic peptidase, M2-type pyruvate
kinase, and apolipoprotein A-1.
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USE OF BIOMARKERS FOR THE DIAGNOSIS
AND PROGNOSIS OF LUNG CANCER

BACKGROUND

[0001] Lung cancer is the leading cause of cancer deaths
worldwide, and non-small cell lung carcinoma (NSCLC)
accounts for nearly 85% of all cases of lung cancers. The
progression of cancer is usually manifested as uncontrolled
growth in cancerous tissues, construction of new blood ves-
sels and invasion into adjacent tissues. These manifestations
may bring about concomitant changes in expression of pro-
teins, including their formation, concentrations and interac-
tions with other molecules in the cancerous tissues.

[0002] Occurrence of NSCLC is usually diagnosed at a late
stage, resulting in high mortality. While early detection of
NSCLC is a crucial step to decrease the high mortality rate,
there are currently no reliable methods for early detection.
[0003] Current diagnostic tests for lung cancer may include
chest X-ray, sputum cytology, bronchoscopy, image scans
and biopsy. However, these tests can only detect the occur-
rence of lung cancer at a relatively late stage. Furthermore,
because of the limitations imposed on equipment and the
establishments required, these methods are not suitable for
large-scale diagnostic screening,

[0004] Consequently, there is an urgent need to develop an
efficient method to detect early stages of NSCLC for screen-
ing, diagnostic and prognostic purposes. It would also be
desirable if the method could allow further determination of
the efficacy of treatment of lung cancer by surgery, radiation
and chemotherapy, as well as further the design of targeted
drugs for cancer treatment.

BRIEF SUMMARY

[0005] According to one aspect, a method for identifying,
diagnosing, and monitoring cancerous lung tissues in a sub-
ject may include measuring the expression of at least one
biomarker in a biological sample in the subject, and compar-
ing the expression against a normal value. When a differential
expression of the at least one biomarker between the biologi-
cal sample and the normal value is more than 1.5-fold, the
lung tissue sample is cancerous. The at least one biomarker is
selected from the group consisting of peroxiredoxin I, perox-
iredoxin II, peroxiredoxin III, peroxiredoxin IV, peroxire-
doxin VI, chaperonin, amyloid-P-component, annexin V,
dihydropyrimidinase-like 2 protein, glutamate carboxypepti-
dase, 2,3-bisphosphoglycerate mutase, thymidine phospho-
rylase, prolyl-4 hydroxylase, selenium binding protein 1,
B-mitochondrial ATP synthase H* transporting F1 complex,
laminin-binding protein, minichromosome maintenance
deficient protein 5 variant, keratin 9, keratin 10, napsin A
aspartic peptidase, M2-type pyruvate kinase, and apolipopro-
tein A-L

[0006] According to another aspect, a method of determin-
ing the effectiveness of a treatment diagnosed with cancerous
lung tissues may include measuring the expression of at least
one biomarker in a first biological sample from the patient
before treatment, measuring the expression of the at least one
biomarker in a second biological sample from the same
patient taken during the treatment, comparing the expression
of the first sample against a normal value, and comparing the
expression of the second sample after treatment against the
normal value. When a differential expression of the at least
one biomarker between the first sample and the normal value
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is more than 1.5-fold than a differential expression of the at
least one biomarker between the second sample and the nor-
mal value, the treatment is effective.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1A shows the location of various biomarkers in
a 2-DE proteome map of protein extracts from the normal
lung tissue of a first patient.

[0008] FIG. 1B shows the location of various biomarkers in
a 2-DE proteome map of protein extracts from the cancerous
lung tissue of a first patient.

[0009] FIG. 2A depicts the enlarged gel regions showing
peroxiredoxin II expressed in non-tumor and tumor tissues of
a first patient sample.

[0010] FIG. 2B depicts the enlarged gel regions showing
peroxiredoxin Il expressed in non-tumor and tumor tissues of
a second patient sample.

[0011] FIG. 2C depicts the enlarged gel regions showing
peroxiredoxin Il expressed in non-tumor and tumor tissues of
a third patient sample.

[0012] FIG. 3A depicts the enlarged gel regions showing
peroxiredoxin IT expressed in non-tumor and tumor tissues of
a first patient sample.

[0013] FIG. 3B depicts the enlarged gel regions showing
peroxiredoxin IT expressed in non-tumor and tumor tissues of
a second patient sample.

[0014] FIG. 3C depicts the enlarged gel regions showing
peroxiredoxin IT expressed in non-tumor and tumor tissues of
a third patient sample.

[0015] FIG. 4A depicts the enlarged gel regions showing
chaperonin expressed in non-tumor and tumor tissues of a
first patient sample.

[0016] FIG. 4B depicts the enlarged gel regions showing
chaperonin expressed in non-tumor and tumor tissues of a
second patient sample.

[0017] FIG. 4C depicts the enlarged gel regions showing
chaperonin expressed in non-tumor and tumor tissues of a
third patient sample.

[0018] FIG. 5A depicts the enlarged gel regions showing
amyloid-P-component expressed in non-tumor and tumor tis-
sues of a first patient sample.

[0019] FIG. 5B depicts the enlarged gel regions showing
amyloid-P-component expressed in non-tumor and tumor tis-
sues of a second patient sample.

[0020] FIG. 5C depicts the enlarged gel regions showing
amyloid-P-component expressed in non-tumor and tumor tis-
sues of a third patient sample.

[0021] FIG. 6A depicts the enlarged gel regions showing
annexin V expressed in non-tumor and tumor tissues of a first
patient sample.

[0022] FIG. 6B depicts the enlarged gel regions showing
annexin V expressed in non-tumor and tumor tissues of a
second patient sample.

[0023] FIG. 6C depicts the enlarged gel regions showing
annexin V in non-tumor and tumor tissues of a third patient
sample.

[0024] FIG. 7A depicts the enlarged gel regions showing
dihydropyrimidinase-like 2 protein expressed in non-tumor
and tumor tissues of a first patient sample.

[0025] FIG. 7B depicts the enlarged gel regions showing
dihydropyrimidinase-like 2 protein expressed in non-tumor
and tumor tissues of a second patient sample.
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[0026] FIG. 7C depicts the enlarged gel regions showing
dihydropyrimidinase-like 2 protein expressed in non-tumor
and tumor tissues of a third patient sample.

[0027] FIG. 8A depicts the enlarged gel regions showing
glutamate carboxypeptidase expressed in non-tumor and
tumor tissues of a first patient sample.

[0028] FIG. 8B depicts the enlarged gel regions showing
glutamate carboxypeptidase expressed in non-tumor and
tumor tissues of a second patient sample.

[0029] FIG. 8C depicts the enlarged gel regions showing
glutamate carboxypeptidase expressed in non-tumor and
tumor tissues of a third patient sample.

[0030] FIG. 9A depicts the enlarged gel regions showing
2,3-bisphosphoglycerate mutase expressed in non-tumor and
tumor tissues of a first patient sample.

[0031] FIG. 9B depicts the enlarged gel regions showing
2,3-bisphosphoglycerate mutase expressed in non-tumor and
tumor tissues of a second patient sample.

[0032] FIG. 9C depicts the enlarged gel regions showing
2,3-bisphosphoglycerate mutase expressed in non-tumor and
tumor tissues of a third patient sample.

[0033] FIG. 10A depicts the enlarged gel regions showing
thymidine phosphorylase expressed in non-tumor and tumor
tissues of a first patient sample.

[0034] FIG. 10B depicts the enlarged gel regions showing
thymidine phosphorylase expressed in non-tumor and tumor
tissues of a second patient sample.

[0035] FIG. 10C depicts the enlarged gel regions showing
thymidine phosphorylase expressed in non-tumor and tumor
tissues of a third patient sample.

[0036] FIG. 11A depicts the enlarged gel regions showing
prolyl-4 hydroxylase expressed in non-tumor and tumor tis-
sues of a first patient sample.

[0037] FIG. 11B depicts the enlarged gel regions showing
prolyl-4 hydroxylase expressed in non-tumor and tumor tis-
sues of a second patient sample.

[0038] FIG. 11C depicts the enlarged gel regions showing
prolyl-4 hydroxylase expressed in non-tumor and tumor tis-
sues of a third patient sample.

[0039] FIG. 12A depicts the enlarged gel regions showing
selenium binding protein 1 expressed in non-tumor and tumor
tissues of a first patient sample.

[0040] FIG. 12B depicts the enlarged gel regions showing
selenium binding protein 1 expressed in non-tumor and tumor
tissues of a second patient sample.

[0041] FIG. 12C depicts the enlarged gel regions showing
selenium binding protein 1 expressed in non-tumor and tumor
tissues of a third patient sample.

[0042] FIG. 13A depicts the enlarged gel regions showing
[-mitochondrial ATP synthase H* transporting F1 complex
expressed in non-tumor and tumor tissues of a first patient
sample.

[0043] FIG. 13B depicts the enlarged gel regions showing
B-mitochondrial ATP synthase H* transporting F1 complex
expressed in non-tumor and tumor tissues of a second patient
sample.

[0044] FIG. 13C depicts the enlarged gel regions showing
f-mitochondrial ATP synthase H transporting F1 complex
expressed in non-tumor and tumor tissues of a third patient
sample.

[0045] FIG. 14A depicts the enlarged gel regions showing
laminin-binding protein expressed in non-tumor and tumor
tissues of a first patient sample.
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[0046] FIG. 14B depicts the enlarged gel regions showing
laminin-binding protein expressed in non-tumor and tumor
tissues of a second patient sample.

[0047] FIG. 14C depicts the enlarged gel regions showing
laminin-binding protein expressed in non-tumor and tumor
tissues of a third patient sample.

[0048] FIG. 15A depicts the enlarged gel regions showing
minichromosome maintenance deficient protein 5 variant
expressed in non-tumor and tumor tissues of a first patient
sample.

[0049] FIG. 15B depicts the enlarged gel regions showing
minichromosome maintenance deficient protein 5 variant
expressed in non-tumor and tumor tissues of a second patient
sample.

[0050] FIG. 15C depicts the enlarged gel regions showing
minichromosome maintenance deficient protein 5 variant
expressed in non-tumor and tumor tissues of a third patient
sample.

[0051] FIG. 16A depicts the enlarged gel regions showing
keratin 9 expressed in non-tumor and tumor tissues of a first
patient sample.

[0052] FIG. 16B depicts the enlarged gel regions showing
keratin 9 expressed in non-tumor and tumor tissues of a
second patient sample.

[0053] FIG. 16C depicts the enlarged gel regions showing
keratin 9 expressed in non-tumor and tumor tissues of a third
patient sample.

[0054] FIG. 17A depicts the enlarged gel regions showing
keratin 10 expressed in non-tumor and tumor tissues of a first
patient sample.

[0055] FIG. 17B depicts the enlarged gel regions showing
keratin 10 expressed in non-tumor and tumor tissues of a
second patient sample.

[0056] FIG. 17C depicts the enlarged gel regions showing
keratin 10 expressed in non-tumor and tumor tissues ofa third
patient sample.

[0057] FIG. 18A depicts the enlarged gel regions showing
napsin A aspartic peptidase expressed in non-tumor and
tumor tissues of a first patient sample.

[0058] FIG. 18B depicts the enlarged gel regions showing
napsin A aspartic peptidase expressed in non-tumor and
tumor tissues of a second patient sample.

[0059] FIG. 18C depicts the enlarged gel regions showing
napsin A aspartic peptidase expressed in non-tumor and
tumor tissues of a third patient sample.

[0060] FIG. 19A depicts the enlarged gel regions showing
M2-type pyruvate kinase expressed in non-tumor and tumor
tissues of a first patient sample.

[0061] FIG. 19B depicts the enlarged gel regions showing
M2-type pyruvate kinase expressed in non-tumor and tumor
tissues of a second patient sample.

[0062] FIG. 19C depicts the enlarged gel regions showing
M2-type pyruvate kinase expressed in non-tumor and tumor
tissues of a third patient sample.

[0063] FIG. 20A depicts the enlarged gel regions showing
apolipoprotein A-I expressed in non-tumor and tumor tissues
of a first patient sample.

[0064] FIG. 20B depicts the enlarged gel regions showing
apolipoprotein A-I expressed in non-tumor and tumor tissues
of a second patient sample.

[0065] FIG. 20C depicts the enlarged gel regions showing
apolipoprotein A-I expressed in non-tumor and tumor tissues
of a third patient sample.
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[0066] FIG. 21A is a figure illustrating the western blot
analysis of serum amyloid P component in tumor tissues and
the adjacent non-tumor tissues from 10 NSCLC patients.
[0067] FIG. 21B depicts the fold change in the expression
level of amyloid P component in lung tumor tissues, com-
pared with the adjacent non-tumor lung tissues.

[0068] FIG. 22A is a figure illustrating the western blot
analysis of chaperonin in tumor tissues and the adjacent non-
tumor tissues from 10 NSCLC patients.

[0069] FIG. 22B depicts the fold change in the expression
level of chaperonin in lung tumor tissues, compared with the
adjacent non-tumor lung tissues.

[0070] FIG. 23A is a figure illustrating the western blot
analysis of peroxiredoxin II in tumor tissues and the adjacent
non-tumor tissues from 10 NSCLC patients.

[0071] FIG. 23B depicts the fold change in the expression
level of peroxiredoxin I in lung tumor tissues, compared with
the adjacent non-tumor lung tissues.

[0072] FIG. 24A is a figure illustrating the western blot
analysis of peroxiredoxin III in tumor tissues and the adjacent
non-tumor tissues from 10 NSCLC patients.

[0073] FIG. 24B depicts the fold change in the expression
level of peroxiredoxin III in lung tumor tissues, compared
with the adjacent non-tumor lung tissues.

[0074] FIG. 25A is a figure illustrating the western blot
analysis of peroxiredoxin VIin tumor tissues and the adjacent
non-tumor tissues from 10 NSCLC patients.

[0075] FIG. 25B depicts the fold change in the expression
level of peroxiredoxin VI in lung tumor tissues, compared
with the adjacent non-tumor lung tissues.

[0076] FIG. 26 is a dot chart showing the log value of fold
change of the expression level of amyloid P component,
chaperonin, peroxiredoxin II, IIl and VI in tumor tissues from
10 NSCLC patients.

[0077] FIG.27isabar chart showing the fold change in the
expression levels of annexin V, amyloid P component (APC),
chaperonin (HSP60), peroxiredoxin (Prx)-11, Prx-I11 and Prx-
VI in cancerous lung tissues from NSCLC patient.

DETAILED DESCRIPTION

[0078] Reference will now be made in detail to a particular
embodiment of the invention, examples of which are also
provided in the following description. Exemplary embodi-
ments of the invention are described in detail, although it will
be apparent to those skilled in the relevant art that some
features that are not particularly important to an understand-
ing of the invention may not be shown for the sake of clarity.
[0079] Furthermore, it should be understood that the inven-
tion 1is not limited to the precise embodiments described
below, and that various changes and modifications thereof
may be effected by one skilled in the art without departing
from the spirit or scope of the invention. For example, ele-
ments and/or features of different illustrative embodiments
may be combined with each other and/or substituted for each
other within the scope of this disclosure and appended claims.
In addition, improvements and modifications which may
become apparent to persons of ordinary skill in the art after
reading this disclosure, the drawings, and the appended
claims are deemed within the spirit and scope of the present
invention.

[0080] A method for identifying, diagnosing and monitor-
ing cancerous lung tissue in a subject may include measuring
the expression of at least one biomarker in abiological sample
in the subject, and comparing the expression against a normal
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value. When a differential expression of the at least one biom-
arker between the biological sample and the normal value is
more than 1.5-fold, the lung tissue sample is cancerous.
[0081] The term “biological sample” means lung tissue,
lung tissue biopsy and/or serum obtained from subjects sus-
pected to have lung cancer or patients suffered from lung
cancer. The biological sample may include lung tissue, lung
tissue biopsy and/or serum.

[0082] The term “differential expression” means the
change in the abundance of the biomarker in one sample as
compared against the normal value. Preferably, the said at
least one biomarker is at least two biomarkers, selected from
those in Table 1. The term “expression” includes the expres-
sion of the whole protein species, the expression of the frag-
ments of such proteins, the expression of mRNA encoding
such proteins, and/or antibodies specifically against such pro-
teins.

[0083] The term “normal value” means a range of a mea-
surement or a ratio in a normal sample, a range of standard-
ized value obtained from a group of healthy subjects.

[0084] A method of determining the effectiveness of a
treatment diagnosed with cancerous lung tissues may include
measuring the expression of at least one biomarker in a first
biological sample from the patient before treatment, measur-
ing the expression of the at least one biomarker in a second
biological sample from the same patient taken during the
treatment, comparing the expression of the first sample
against a normal value, and comparing the expression of the
second sample after treatment against the normal value.
When a differential expression of the at least one biomarker
between the first sample and the normal value is more than
1.5-fold than a differential expression of the at least one
biomarker between the second sample and the normal value,
the treatment is effective.

[0085] 1.Biomarkers

[0086] The biomarkers may include peroxiredoxin (Prx)-I,
Prx-11, Prx-I11, Prx-1V, Prx-VI, chaperonin, amyloid-P-com-
ponent (APC), annexin V, dihydropyrimidinase-like 2 pro-
tein, glutamate carboxypeptidase, 2,3-bisphosphoglycerate
mutase, thymidine phosphorylase, prolyl-4 hydroxylase,
selenium binding protein 1, f-mitochondrial ATP synthase
H* transporting F1 complex, laminin-binding protein, min-
ichromosome maintenance deficient protein 5 variant, keratin
9, keratin 10, napsin A aspartic peptidase, M2-type pyruvate
kinase, and apolipoprotein A-I. The locations of the biomar-
kers expressed in non-tumor and tumor tissues in a 2-DE
proteome map are depicted in FIGS. 1A and 1B, respectively.
[0087] 1.1 Peroxiredoxin

[0088] The biomarkers may include peroxiredoxin (Prx),
which has a down-regulated expression in lung tumor tissues.
The peroxiredoxin may include peroxiredoxin I (Prx-1), per-
oxiredoxin IT (Prx-II). peroxiredoxin III (Prx-III), peroxire-
doxin IV (Prx-1V), and peroxiredoxin VI (Prx-VI).

[0089] Peroxiredoxin I may also be known as thioredoxin
peroxidase 2, thioredoxin-dependent peroxide reductase 2,
and proliferation-associated gene protein. Peroxiredoxin I
has an accession number of Q06830, and a molecular weight
of 22.1 kDa. Peroxiredoxin II may also be known as thiore-
doxin peroxidase 1, thioredoxin-dependent peroxide reduc-
tase 1, and thiol-specific antioxidant protein. PeroxiredoxinII
has an accession number of P32119, and a molecular weight
0f21.7kDa. The enlarged gel regions showing peroxiredoxin
1T expressed in non-tumor and tumor tissues are depicted in
FIGS. 2A to 2C and FIGS. 3A to 3C. Peroxiredoxin III may
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also be known as antioxidant protein 1. Peroxiredoxin III has
an accession number of P30048, and a molecular weight of
27.7 kDa. Peroxiredoxin IV may also be known as thiore-
doxin peroxidase A0372, thioredoxin-dependent peroxide
reductase A0372, and antioxidant enzyme AOE372. Perox-
iredoxin IV has an accession number of Q13162, and a
molecular weight of 30.5 kDa. Peroxiredoxin VI may also be
known as antioxidant protein 2, 1-Cys peroxiredoxins, acidic
calcium-independent phospholipase A2, and non-selenium
glutathione peroxidase. Peroxiredoxin VI has an accession
number of P30041, and a molecular weight of 25.0 kDa.
[0090] Prx is an antioxidant enzyme detoxifying reactive
oxygen species. Prx may reduce hydrogen peroxide (H,O,)
and alky! hydroperoxide to water (H,0) and alcohol through
a catalytic system that uses thioredoxin (Trx), Trx reductase
(TR) and NADPH. Prx I and Prx II are cytoplasm. Prx I11 is
only found in mitochondria. Prx IV is produced in the endo-
plasmic reticulum. Prx V is found either in lysosomes or
peroxisomes.

[0091] 1.2 Chaperonin

[0092] The biomarkers may also include chaperonin,
which has an up-regulated expression in lung tumor tissues.
Chaperonin may also be known as chaperonin 60, heat shock
protein 60, mitochondrial matrix protein P1, and P60 lym-
phocyte protein. Chaperonin has an accession number of
P10809, and a molecular weight of 61.0 kDa. The enlarged
gel regions showing chaperonin expressed in non-tumor and
tumor tissues are depicted in FIGS. 4A to 4C.

[0093] Chaperonin or heat shock protein 60 is a highly
conserved protein mostly localized in the mitochondrial
matrix. Chaperonin may play a role in the regulation of a
variety of cellular functions. The primary function is to assist
in mitochondrial protein folding, unfolding and degradation.
Besides, chaperonin may also be associated with the regula-
tion of protein turnover and the cellular redox state.

[0094] 1.3 Amyloid P Component

[0095] The biomarkers may also include amyloid P com-
ponent (APC), which has a down-regulated expression in
lung tumor tissues. APC may also be known as 9.5S alpha-
1-glycoprotein. APC has an accession number ofP02743, and
a molecular weight of 25.4 kDa. APC is commonly found in
serum, and is known as a prototypic acute phase reactant and
the protein that binds to dying cells facilitating their swift
removal by phagocytes. The enlarged gel regions showing
APC expressed in non-tumor and tumor tissues are depicted
in FIGS. 5A to 5C.

[0096] 1.4 AnnexinV

[0097] The biomarkers may also include annexin V, which
has an up-regulated expression in lung tumor tissues.
Annexin V may also be known as annexin A5, lipocortin V,
endonexin II, calphobinlin I, placental anticoagulant protein
1, placental anticoagulant protein 4, thromboplastin inhibitor,
vascular anticoagulant-alpha, anchorin CII. Annexin V has an
accession number of PO8758, and a molecular weight 0f35.8
kDa. The enlarged gel regions showing annexin V expressed
in non-tumor and tumor tissues are depicted in FIGS. 6A to
6C.

[0098] Annexins are characterized as a structurally related
family of calcium-binding proteins that have a domain that
binds to negatively charged phospholipids in a calcium
dependent manner and contain an annexin repeat with 70
amino acids. In humans, the annexins are found inside the
cell, whereas some annexins (annexin I, IT and V) may also be
found outside the cellular environment, such as in the blood.
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Annexins are involved in various cellular processes, such as
the regulation of calcium ion currents, membrane trafficking,
cellular adhesion, cellular signaling, the maintenance of
cytoskeleton and extracellular matrix integrity, development
and differentiation, inflammation and blood coagulation.
[0099] 1.5 Dihydropyrimidinase-Like 2 Protein

[0100] The biomarkers may also include dihydropyrimidi-
nase-like 2 protein, which has a down-regulated expression in
lung tumor tissues. Dihydropyrimidinase-like 2 protein may
also be known as dihydropyrimidinase-like 2 variant, and
collapsin response mediator protein-2. Dihydropyrimidi-
nase-like 2 protein has an accession number of Q16555, and
a molecular weight of 62.3 kDa. The enlarged gel regions
showing dihydropyrimidinase-like 2 protein expressed in
non-tumor and tumor tissues are depicted in FIGS. 7A to 7C.
[0101] Dihydropyrimidinase-like 2 protein is a member of
the dihydropyrimidinase-related family proteins (Type 1-5)
exclusively expressed in the nervous system. In the nervous
system, these proteins are mainly involved in axonal out-
growth and path-finding through the transmission and modu-
lation of extracellular signals.

[0102] 1.6 Glutamate Carboxypeptidase

[0103] Thebiomarkers may also include glutamate carbox-
ypeptidase, which has an up-regulated expression in lung
tumor tissues. Glutamate carboxypeptidase may also be
known as membrane glutamate carboxypeptidase, N-acety-
lated-alpha-linked acidic dipeptidase I, pteroylpoly-gamma-
glutamate carboxypeptidase, folylpoly-gamma-glumate car-
boxypeptidase, folate hydrolase 1, and prostate-specific
membrane antigen. Glutamate carboxypeptidase has an
accession number of Q04609, and a molecular weight of 84.3
kDa. The enlarged gel regions showing glutamate carbox-
ypeptidase expressed in non-tumor and tumor tissues are
depicted in FIGS. 8A to 8C.

[0104] Glutamate carboxypeptidase is a transmembrane
glycoprotein with a short intracellular, NH,-terminal domain
and a large extracellular COOH-terminal domain. Its struc-
ture is identical to prostate-specific membrane antigen
(PSMA) and folate hydrolase 1. Glutamate carboxypeptidase
may have both folate hydrolase and N-acetylated-alpha-
liked-acidic dipeptidase activity, and may also exhibit a
dipeptidyl-peptidase IV type activity. In the intestine,
glutamate carboxypeptidase may be required for the uptake
of folate. In the brain, glutamate carboxypeptidase may
modulate excitatory neurotransmission through the hydroly-
sis of the neuropeptide, N-aceylaspartylglutamate, thereby
releasing glutamate.

[0105] 1.7 2,3-bisphosphoglycerate Mutase

[0106] The biomarkers may also include 2,3-bisphospho-
glycerate mutase, which has a down-regulated expression in
lung tumor tissues. 2,3-bisphosphoglycerate mutase may also
be known as 2,3-bisphosphoglycerate synthase and 2,3-bis-
phophoglycerate  synthase-phosphatase.  2,3-bisphospho-
glycerate mutase has an accession number of P07738, and a
molecular weight of 30.0 kDa. The enlarged gel regions
showing 2,3-bisphosphoglycerate mutase expressed in non-
tumor and tumor tissues are depicted in FIGS. 9A to 9C.
[0107] 2,3-bisphosphoglycerate mutase (BPGM) catalyzes
the conversion of 1,3-bisphosphoglycerate (1,3-BPG) to 2,3-
bisphosphoglycerate (2,3-BPG). In mammalian tissues,
BPGM may have 2-phosphoglycolate-stimulated 2,3-bispho-
sphoglycerate phosphatase (BPGP) activity. The final prod-
uct of BPGM, 2,3-BPG, may play an important role in eryth-
rocytes, in which it acts as an allosteric inhibitor of
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hemoglobin. The binding of 2,3-BPG decreases hemoglo-
bin’s affinity for oxygen and facilitates the transfer of oxygen
to tissues. Excess amounts of 2,3-BPG re-enter the glycolytic
pathway through a phosphatase catalyzed conversion to glyc-
erate-3-phosphate.

[0108] 1.8 Thymidine Phosphorylase

[0109] The biomarkers may also include thymidine phos-
phorylase (TP), which has an up-regulated expression in lung
tumor tissues. Thymidine phosphorylase may also be known
as pyrimidine phosphorylase, thymidine-orthophosphate
deoxyribosyltransferase, animal growth regulators, blood
platelet-derived endothelial cell, growth factors, blood plate-
let-derived endothelial cell growth factor, deoxythymidine
phosphorylase, gliostatins, pyrimidine deoxynucleoside
phosphorylase, and thymidine:phosphate deoxy-D-ribosyl-
transferase. Thymidine phosphorylase has an accession num-
ber of P19971, and a molecular weight of 49.9 kDa. The
enlarged gel regions showing thymidine phosphorylase
expressed in non-tumor and tumor tissues are depicted in
FIGS. 10A to 10C.

[0110] Inthepresence of inorganic orthophosphate, thymi-
dine phosphorylase may catalyze the reversible phosphoroly-
sis of thymidine and 2-deoxyuridine to their corresponding
bases, thymine and 2-deoxyribose-1-phosphate. These pro-
duced molecules may then be utilized as carbon and energy
sources or in the rescue of pyrimidine bases for nucleotide
synthesis. Besides, thymidine phosphorylase may have both
angiogenic and chemotactic properties.

[0111] 1.9 Prolyl-4-hydroxylase

[0112] Thebiomarkers may also include prolyl-4-hydroxy-
lase, which has an up-regulated expression in lung tumor
tissues. Prolyl-4-hydroxylase may also be known as protein
disulfide isomerase, cellular thyroid hormone-binding pro-
tein, procollagen proline, 2-oxyglutarate 4-dioxygenase, pro-
line-4-hydroxylase. Prolyl-4-hydroxylase has an accession
number of P07237, and a molecular weight of 57.1 kDa. The
enlarged gel regions showing prolyl-4-hydroxylase
expressed in non-tumor and tumor tissues are depicted in
FIGS. 11A to 11C.

[0113] Prolyl-4-hydroxylase is a key post-translational
modifying enzyme in collagen synthesis, and it also partici-
pates in antioxidation and detoxification reactions.

[0114] 1.10 Selenium Binding Protein 1

[0115] The biomarkers may also include selenium binding
protein 1, which has a down-regulated expression in lung
tumor tissues. Selenium binding protein 1 may also be known
as 56 kDa selenium-binding protein. Selenium binding pro-
tein 1 has an accession number of Q13228 and a molecular
weight of 52.4 kDa. The enlarged gel regions showing sele-
nium binding protein 1 expressed in non-tumor and tumor
tissues are depicted in FIGS. 12A to 12C.

[0116] Selenium is an essential micronutrient that exhibits
potent anticarcinogenic properties, and deficiency of sele-
nium may cause carcinomas and certain neurologic diseases.
[0117] 1.11 f-mitochondrial ATP Synthase, H* Transport-
ing F1 Complex

[0118] The biomarkers may also include f-mitochondrial
ATP synthase, H* transporting F1 complex, which has an
up-regulated expression in lung tumor tissues. f-mitochon-
drial ATP synthase, H* transporting F1 complex may also be
known as ATP synthase subunit beta, mitochondrial. mito-
chondrial ATP synthase, H* transporting F1 complex has an
accession number of P06579, and a molecular weight of 56.5
kDa. The enlarged gel regions showing mitochondrial ATP
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synthase, H* transporting F1 complex expressed in non-tu-
mor and tumor tissues are depicted in FIGS. 13A to 13C.
H*-ATP synthase is the inner mitochondrial protein complex
responsible for the synthesis of most cellular ATP require-
ments. The activity and molecular components of the H*-ATP
synthase may be essential for efficient execution of pro-
grammed cell death.

[0119] 1.12 Laminin-Binding Protein

[0120] The biomarkers may also include laminin-binding
protein, which has an up-regulated expression in lung tumor
tissues. Laminin-binding protein may also be known as 40S
ribosomal protein SA, laminin receptor 1, 34/67 kDa laminin
receptor, colon carcinoma laminin-binding protein, multi-
drug resistance-associated protein MGrl-Ag. Laminin-bind-
ing protein has an accession number of PO8865, and a
molecular weight of 67.0 kDa. The enlarged gel regions
showing laminin-binding protein expressed in non-tumor and
tumor tissues are depicted in FIGS. 14A to 14C.

[0121] Laminin binding protein or laminin receptor is a
non-integrin protein, which is co-expressed and co-regulated
with the a6 integrin subunit, and is physically associated with
this integrin subunit on the cell membrane. Laminin binding
protein may be involved in regulating and stabilizing the
interaction of Laminin with the a6 integrin.

[0122] 1.13 Minichromosome Maintenance Deficient Pro-
tein 5 Variant

[0123] The biomarkers may also include minichromosome
maintenance deficient protein 5 variant, which has an up-
regulated expression in lung tumor tissues. Minichromosome
maintenance deficient protein 5 variant may also be known as
minichromosome maintenance complex component 5 DNA
replication licensing factor, minichromosome maintenance
deficient 5 (cell division cycle 46), MCMS5 minichromosome
maintenance deficient 5, cell division cycle 46. Mitochromo-
some maintenance deficient protein 5 variant has an accession
number of Q53FGS, and a molecular weight of 82.2 kDa. The
enlarged gel regions showing minichromosome maintenance
deficient protein 5 variant expressed in non-tumor and tumor
tissues are depicted in FIGS. 15A to 15C.

[0124] Minichromosome maintenance (MCM) protein
family consists of six members (MCM2-7) and is a conserved
group of DNA-binding proteins. MCM proteins may be
involved in the regulation of DNA synthesis, in which they
may be specifically up-regulated in the transition from the GO
to G1/S phase of the cell cycle.

[0125] 1.14 Keratin

[0126] The biomarkers may also include keratin. Keratin
may include keratin 9 and keratin 10, both of which have an
up-regulated expression in lung tumor tissues. Keratin 9 may
also be known as cytokeratin 9. Keratin 9 has an accession
number of P35527, and a molecular weight of 61.2 kDa. The
enlarged gel regions showing keratin 9 expressed in non-
tumor and tumor tissues are depicted in FIGS. 16A to 16C.
[0127] Keratin 10 may also be known as cytokeratin 10.
Keratin 10 has an accession number of P13645, and a molecu-
lar weight of 59.5 kDa. The enlarged gel regions showing
keratin 10 expressed in non-tumor and tumor tissues are
depicted in FIGS. 17A to 17C.

[0128] Keratins are fibrous structural proteins with molecu-
lar weight ranging from 44 to 66 kDa. There are nearly 54
keratin gene members in human, including 28 type I keratin
genes (K9-K10, K12-K28 and K31-K40) and 26 type I kera-
tin genes (K1-K8 and K71-K86). Out of these human ker-
atins, nearly 50% are specifically expressed in the hair fol-
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licle. In addition to functioning as intracellular skeletal
structures, keratins are important for the mechanical stability
and integrity of epithelial cells and tissues, and may partici-
pates in regulatory mechanisms and intracellular signaling
pathways.

[0129] 1.15 Napsin A Aspartic Peptidase

[0130] The biomarkers may also include napsin A aspartic
peptidase, which has an up-regulated expression in lung
tumor tissues. Napsin A aspartic peptidase may also be
known as napsin-1, aspartyl protease 4. Napsin A aspartic
peptidase has an accession number of Q8WWD9, and a
molecular weight of 45.4 kDa. The enlarged gel regions
showing napsin A aspartic peptidase expressed in non-tumor
and tumor tissues are depicted in FIGS. 18A to 18C.

[0131] Napsin A aspartic peptidase is a member of the
aspartic protease family, which is expressed predominantly in
the cytoplasm of cells of lung (type II pneumocytes) and
kidney.

[0132] 1.16 M2-Type Pyruvate Kinase

[0133] Thebiomarkers may also include M2-type pyruvate
kinase, which has an up-regulated expression in lung tumor
tissues. M2-type pyruvate kinase may also be known as pyru-
vate kinase isozymes M1/M2, pyruvate muscle isozyme,
pyruvate kinas 2/3, cytosolic thyroid hormone-binding pro-
tein. M2-type pyruvate kinase has an accession number of
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P14618, and a molecular weight of 57.9 kDa. The enlarged
gel regions showing M2-type pyruvate kinase expressed in
non-tumor and tumor tissues are depicted in FIGS. 19A to
19C.

[0134] Pyruvate kinase is a glycolytic enzyme that may
catalyze the transfer of a phosphoryl group from phospho-
enolpyruvate (PEP) to ADP, generating ATP. There are 4
isozymes of pyruvate kinase in mammals: L, R, M1 and M2.
Pyruvate kinases are tissue-specific. L type is the major
isozyme in the liver and kidney. R is found in red cells. M1 is
the main form in muscle, heart and brain. M2 is found in early
fetal tissues as well as in most cancer cells. The L, R and M1
pyruvate kinase may be consistently altered and replaced by
M2 pyruvate kinase during the neoplastic process.

[0135] 1.17 Apolipoprotein A-I

[0136] The biomarkers may also include apolipoprotein
A-I, which has a down-regulated expression in lung tumor
tissues. Apolipoprotein A-I has an accession number of
P02647, and a molecular weight of 30.8 kDa. Apolipoprotein
A-I is the major protein component of high-density lipopro-
tein (HDL) inthe plasma, which is synthesized in the liver and
small intestine and secreted in blood. The enlarged gel
regions showing apolipoprotein A-I expressed in non-tumor
and tumor tissues are depicted in FIGS. 20A to 20C.

[0137] A list of the biomarkers is summarized in Table 1
below.

TABLE 1

Summary of biomarkers

Theoretical

Expression in Molecular
Name Lung Tissues Accession Weight
1. Peroxiredoxin I Down-regulated Q06830 22.1kDa
2. Peroxiredoxin II Down-regulated ~ P32119 21.9 kDa
3. Peroxiredoxin IIT Down-regulated ~ P30048 27.7kDa
4. Peroxiredoxin IV Down-regulated Q13162 30.5 kDa
5. Peroxiredoxin VI Down-regulated ~ P30041 25.0kDa
6. Chaperonin Up-regulated P10809 61.0kDa
7. Amyloid P component Down-regulated ~ P02743 25.4kDa
8. Annexin V Up-regulated P08758 35.9 kDa
9. Dihydropyrimidinase-like 2 protein Down-regulated Q16535 62.3kDa
10. Glutamate carboxypeptidase Up-regulated Q04609 84.3 kDa
11. 2,3-bisphosphoglycerate mutase ~ Down-regulated ~ P07738 30.0kDa
12. Thymidine phosphorylase Up-regulated P19971 49.9 kDa
13. Prolyl-4 hydroxylase Up-regulated P07237 57.1kDa
14. Selenium binding protein 1 Down-regulated Q13228 52.4kDa
15. p-mitochondrial ATP synthase H*  Up-regulated P06579 56.6 kDa
transporting F1 complex
16. Laminin-binding protein Up-regulated P08865 32.8 kDa
17. Minichromosome maintenance Up-regulated Q33FGS 82.2 kDa
deficient protein 5 variant

18. Keratin 9 Up-regulated P35527 61.2 kDa
19. Kerarin 10 Up-regulated P13645 59.5 kDa
20. Napsin A aspartic peptidase Up-regulated Q8WWD9  45.4kDa
21. M2-type pyruvate kinase Up-regulated P14618 57.9 kDa
22. Apolipoprotein A-I Down-regulated ~ P02647 30.8 kDa
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[0138] A list showing the biomarkers in FIGS. 1A and 1B
and the change in the spot intensity of the biomarkers in FIGS.
2 to 20 are summarized in Table 2 below.
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After histopathological analysis of the specimens, leftovers
may be kept as archives. One pair of adjacent normal (Sample
N) and tumor tissues (Sample T) from the same patient may

TABLE 2
Summary of the change in the spot intensity of biomarkers in 3 NSCLC
patients
Ratio of Ratio Ratio
of differential ~ of differential  differential
Spot expression expression expression
Number Protein Identity incol. A in col. B in col. C
1A Peroxiredoxin IT -4.55 -11.11 -4.92
1B Peroxiredoxin II -5.91 -10.34 -3.54
2 Chaperonin 2.46 10.57 17.14
3 Serum amyloid P component -6.39 -7.38 -17.15
4 Annexin V 2.00 1.51 4.58
5 Dihydropyrimidinase-like 2 -4.10 -2.07 -14.37
protein
6 Glutamate carboxypeptidase 2.69 247 7.10
7 2,3-bisphosphoglycerate -2.39 -3.77 -2.42
mutase
8  Thymidine phosphorylase 7.69 3.57 2.68
9  Prolyl-4 hydroxylase 7.27 2.39 13.05
10 Selenium binding protein 1 -7.54 -6.03 -3.67
11 p-mitochondrial ATP synthase 9.35 10.96 10.83
H* transporting F1 complex
12 Laminin-binding protein 7.14 3.74 2.66
13 Minichromoesome 2.10 2.00 2.04
maintenance deficient protein
5 variant
14 Keratin 9 4.68 5.04 4.08
15 Keratin 10 2.58 5.99 1.83
16  Napsin A aspartic peptidase 2.33 8.37 10.35
17 M2-type pyruvate kinase 23.00 6.47 5.38
18 Apolipoprotein A-I -7.14 -13.93 -9.30

[0139] The ratio in Table 2 and FIGS. 2 to 20 may be
calculated as:

Ratio=(optical density of the protein spot*spot

area*spot volume in tumor tissue)/(coptical density of

the same protein spot*spot area*spot volume in non-
tumor tissue)

[0140] 2. Panel of Biomarkers

[0141] There is also provided using a panel of at least two
biomarkers, as selected from Table 1, for early detection of
lung cancer, prognosis of cancer treatment, and design of
treatment protocols using these proteins. For example, the
differential expression of a panel of six biomarkers that
included annexin V, amyloid P component, chaperonin (Hsp
60), Prx II, Prx III, Prx VI are depicted in FIG. 27 and
described in Example 7.

[0142] A method for identifying, diagnosing, and monitor-
ing cancerous tissues may include measuring the expression
of a panel of biomarkers in a biological sample, and compar-
ing the expressions of the panel against a panel of normal
values. When a differential expression of each biomarker in
the lung tissue sample is more than 1.5-fold of the normal
values, the lung tissue sample is cancerous. The panel of
biomarkers may include peroxiredoxin II, peroxiredoxin III,
peroxiredoxin VI, chaperonin, amyloid-P-component, and
annexin V. The biological sample may include lung tissue,
lung tissue biopsy and/or serum.

[0143] 3.Sample Preparation of Tumor and Non-Tumorous
Tissues

[0144] Lung tumor tissue and adjacent paired non-tumor-
ous tissue may be collected from patients undergoing surgery.

be included in each set of samples. Protein extracts may be
prepared by homogenizing the entire tissue with phosphate
buffer saline containing a protease inhibitors cocktail (avail-
able from Sigma, U.S.A.). After homogenization, the suspen-
sion may be centrifuged at 16000 g for 15 minat4°C., and the
supernatant may be isolated. Protein concentrations may be
determined by using Bradford protein assay (available from
Bio-Rad Laboratories Ltd in Hercules, Calif., U.S.A.). Pro-
tein samples may be stored at —80° C. until use. Since the lung
tissue samples may have various degrees of haemolysis, equal
protein loading corresponding to lung tissues may be normal-
ized by relative expression of housekeeping protein-fi-actin
prior to 2D gel electrophoresis.

[0145] 3.1 2-D Gel Electrophoresis and Image Analysis
[0146] A. Isoelectric Focusing

[0147] 2-D gel electrophoresis may be performed on PRO-
TEANIEF cell and PROTEAN II XL system (available from
Bio-Rad Laboratories [td in Hercules, Calif., U.S.A.). In the
first dimension isoelectric focusing (IEF), the proteins may be
resolved on pre-cast 18 cm linear pH gradient 4-7 IPG strips
(available from Bio-Rad Laboratories Ltd). Specifically, the
protein samples may be added into the rehydration buffer (2
M thiourea, 7 M urea. 4% (v/v) CHAPS, 10% (v/v) isopro-
panol, 5% (v/v) glycerol, 64 mM DTT and 1% IPG buffer)
and rehydrated actively onto the IPG strips. After rehydration,
the subsequent IEF may be performed at 20° C. with a PRO-
TEAN IEF Cell (available from Bio-Rad Laboratories Ltd).
Voltage may be applied as follows: 1 hour at 500 V, 1 hour at
1000V, 2 hour at 4000 V, 4 hours at 8000 V and 80 kVhr at
8000V, resulting in a total voltage of 100 kVhr.



US 2010/0240546 A1l

[0148] B. Equilibration of IPG Strip

[0149] Following IEF, the IPG strips may be equilibrated
with 1% (w/v) DTT in the equilibration buffer (50 mM Tris-
HC1 (pH 8.8), 6 M urea, 39% (v/v) glycerol, 2% (w/v) SDS
and 0.006% (w/v) bromophenol blue) for 15 minutes and
subsequently in a solution of 1% (w/v) iodoacetamide in the
same equilibration buffer for 15 minutes.

[0150] C. SDS-PAGE

[0151]  After IPG strip equilibration, the IPG strips may be
rinsed with ddH,O and then may be placed on top of 10%
SDS-PAGE and sealed with 0.5% agarose in electrophoresis
buffer for the second dimension. Electrophoresis may be
performed for the first 30 minutes at 15 mA/gel followed by
30 mA/gel until the bromophenol blue dye front may reach
the lower end of the gel, using a PROTEAN 1I xi 2D cell
electrophoresis unit (available from Bio-Rad Laboratories
Ltd). Proteins may be visualized by mass spectrometry com-
patible silver staining for image analysis.

[0152] D. Compatible Silver Staining

[0153] After SDS-PAGE, the gels may be fixed for 1 hour
initially in fixation solution containing 40% (v/v) ethanol and
10% (v/v) acetic acid. The gels may then be sensitized in a
solution containing 30% (v/v) ethanol, 0.2% (w/v) sodium
thiosulphate, 6.8% (w/v) sodium acetate and 0.125% (v/v)
glutaraldehyde for 30 minutes, and then may be washed with
distilled water (for example, 3 times for 5 minutes each).

[0154] Subsequently the gels may be stained for 20 minutes
in 0.25% (w/v) silver nitrate with 0.015% (v/v) formaldehyde
before washing with distilled water again (for example, 2
times for 1 minute each). Protein spots in gels may then be
developed in 2.5% (w/v) sodium carbonate containing
0.0074% (v/v) formaldehyde. The development may be
stopped using 1.5% (w/v) EDTA.

[0155] E. Image Analysis

[0156] Silver-stained gels may be scanned at 300 dots per
inch resolution using a conventional scanner (available from
Epson Perfection 1200U). All spot detection and spot com-
parisons may be made using Melanie 3.08 (available from
Gene-Bio in Switzerland). Spot intensity may be normalized
by plotting the optical density of each paired and matched
protein spots in two comparing gels in a scatter plot. The
differential expression may be confirmed only when it was
consistently present in all three gels. Moreover, the signifi-
cance may be regarded only when the difference in spot
optical density is at least by 1.5-fold.

[0157] 3.2 Protein Identification by MALDI-TOF Mass
Spectrometry

[0158] A. Protein Preparation

[0159] Protein spots showing a differential expression may
be manually excised, destained, reduced with 10 mM dithio-
threitol (DTT), and alkylated with 55 mM iodoacetamide.
Enzymatic digestion may be performed overnight with
sequencing grade-modified trypsin (available from Promega
in Madison, Wis., USA) at 37° C. The digested peptides may
be extracted with 50% (v/v) acetonitrile and 1% (v/v) trifluo-
roacetic acid. Ultra-sonication may be applied to facilitate the
diffusion of peptides. All PMF and tandem MS spectra may
be obtained using a Bruker AUTOFLEX III Smartbeam
(available from Bruker Daltonics in Germany). MS/MS or
PMF data may then be searched using Mascot software
(available from MatrixScience in the U.K.) against NCBI
database.
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[0160] B.MALDI-TOF Analysis

[0161] The MALDI-TOF analysis may be performed with
a Bruker AUTOFLEX 11T Smartbeam (available from Bruker
Daltonic in Billerica, Mass., U.S.A.) instrument operated in
the reflectron mode over the m/z range of 1000 to 3000 Da.
For the analysis, 1 pl sample aliquot may be spotted onto a
sample plate, which may be pre-spotted with 1 pl of matrix
solution (2 mg/ml a-cyano-4-hydroxycinnamic acid, satu-
rated in acetonitrile:0.1% TFA (1:1)) and allowed to air-dry.
After drying, the sample spot may be washed with 1 plofa 1%
(v/v) TFA solution for approximately 30 sec. The TFA droplet
may be gently blown off the sample spot with compressed air.
The resulting diffused sample spot may be recrystallized
using 1 pl of a solution of ethanol:acetone:0.1% (v/v) TFA
(6:3:1 ratio). Reported spectra may include the summation of
200 laser shots. Spectra may be calibrated using Mass Cali-
bration Kit (available from Bruker Daltonics) with an exter-
nal calibration standard. The peptide masses generated via
MALDI-TOF may be used to search the NCBI non-redundant
(NCBInr) database using the Mascot search engine, and the
Mowse score cut-off point for a positive identification may be
64.

[0162] C. Western Blotting

[0163] Protein samples may be resolved on one-dimen-
sional SDS-PAGE and electro-blotted onto a nitro-cellulose
(NC) membrane. After electro-blotting, the NC membrane
may be blocked with 5% (w/v) skim milk in Tris buffer saline
with 0.05% (v/v) Tween 20 (TBST) for 2 hours at room
temperature. Subsequently, the membrane may be incubated
with antibodies specifically against individual protein biom-
arker for 2 hours at room temperature. After six washings, the
membrane may then be incubated with horse-radish peroxi-
dase-conjugated antibodies for 1 hour at room temperature.
Finally, the signal may be visualized with Super Signal ECL
Kit (available from Promega in the U.S.A.). The intensities of
the corresponding immunoreactive bands may measure as the
black light units (BLU). The relative protein quantitation may
be normalized against housekeeping protein, f-actin, which
may act as internal standard.

[0164] Expression analysis may also be carried out by mea-
suring the expression of a fragment of the biomarker protein.
For example, an antibody specific for the unique fragment of
the biomarker protein may be used to detect and quantify
expression in the same way as the antibody could be used to
detect the intact protein. Expression analysis may also be
carried out by measuring the expression of mRNA encoding
the biomarker protein, and/or expression of antibodies spe-
cifically against the intact protein and/or a fragment of biom-
arker protein.

[0165] The method described above may be used to detect
the presence of early stages of NSCLC for screening, diag-
nostic and prognostic purposes. The method may be further
developed for use in the determination of the efficacy of
treatment on lung cancer due to surgery, radiation and che-
motherapy, as well as further the design of targeted drug for
cancer treatment.

[0166] 4. Method of Use of Biomarkers

[0167] The protein biomarkers may be detected quantita-
tively and semi-quantitatively by different antibody-based
techniques, different types of mass spectrometry (SELDI
MS, MALDI TOF MS and tandem MS), or other means in
biological samples (biopsy tissues, tumor tissues and blood
fluids). Antibody-based techniques may be included different
types of immunoassays, conventional or tissue microarray
immunohistochemical analysis. Examples of immunoassays
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include sandwich immunoassays (ELISA or fluorescence-
based immunoassays), nephelometry, and biosensors
SELDI-based immunoassays.

[0168] 4.1 Detection by Antibody-Based Techniques
[0169] The presence of protein biomarkers and their
expression levels in the biological samples may be detected
with immunohistochemical methods, or measured quantita-
tively by different types of immunoassays. Both of which are
antibody-based techniques that may require a capture
reagent, such as bio-specific antibodies, to specifically inter-
act with the entire biomarker or a polypeptide of the biomar-
ker (refer as antigen).

[0170] Antibodies may be monoclonal or polyclonal, and
may refer generally to any immunologic capture agent such as
1gG, IgM, IgA, IgD and IgE. Monoclonal antibodies may be
used to bind to one site of a particular molecule, and therefore
may provide a more specific and accurate result. Antibodies
may be produced by immunizing animals or poultry with the
entire antigen (protein biomarker) or a specific polypeptide of
the antigen. Examples of immunizing animals include rats,
mice, and rabbits. Examples of poultry include hens. The
antigen used for immunization may be isolated from the
samples or synthesized by recombinant protein technology.
[0171] Primary antibody may provide the specific recogni-
tion for detecting or quantifying the protein biomarker. Sec-
ondary detection system may utilize enzyme (e.g. enzyme
immunoassay (EIA)), radioisotopes (e.g. 1-125 radioimmu-
noassay (RIA)), magnetic labels (e.g. magnetic immunoassay
(MIA)), fluorescence, or other conjugated secondary antibod-
les.

[0172] With the use of specific antibodies, an immunohis-
tological staining of tissue section for pathological examina-
tion may be obtained from conventional and/or tissue
microarray immunohistochemical analysis. Besides, tissues
may also be extracted for the liberation of protein biomarkers
for western blot or dot/slot assay. In this technique, which is
based on the use of cationic solid phases, quantitation of
protein biomarker may be accomplished by comparing iso-
lated biomarker standards to a known concentration. A molar
concentration of protein biomarker may aid to set the standard
values of the biomarker content for different tissues, fecal
matter or body fluids (e.g. serum, plasma, urine, synovial
fluid, spinal fluid. Finally, the normal appearance of biomar-
ker amounts may be set using values from healthy subjects,
and can be compared against those obtained from a test sub-
ject. Other immuno-techniques may include agglutination,
nephelometry, turbidimetry and biosensors, and SELDI-
based mass spectrometry.

[0173] 4.2 Detection by Mass Spectrometry

[0174] In addition to antibody-based techniques, the pro-
tein biomarkers may also be detected and quantified by mass
spectrometry. Mass spectrometry is a method that employs a
mass spectrometer to detect ionized protein markers or ion-
ized peptides as digested from the protein markers by mea-
suring the mass-to-charge ratio (nv'z). For example, analytes
may be introduced into a sample inlet and ionized in an
ionization source, and the ionized analytes may be introduced
into mass analyzers for mass separation before their mass
being measured by a detector.

[0175] Differences in the sampleinlet, ion source, and mass
analyzer may generally define the type of instrument and its
capacities. For instance, a sample inlet may include a capil-
lary-column liquid chromatography source, or may include a
direct probe or a stage as used in matrix-assisted laser des-
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orption. Examples of the ion source may include an electro-
spray, a nanospray, a microspray, and a matrix-assisted laser
desorption. Example of the mass analyzers may include a
quadrupole mass filter, an ion trap mass analyzer, and a time-
of-flight mass analyzer. Preferably, matrix assisted laser
deionization/ionization-time of flight (MALDI-TOF) mass
spectrometry, tandem mass spectrometry, and surface
enhanced laser desorption/ionization (SELDI) mass spec-
trometry may be used.

[0176] A mass spectrometric method for identifying a lung
cancer biomarker or the corresponding peptide may include
providing a biological sample from a subject having a lung
cancer, concentrating digested peptides belonging to protein
biomarkers in the biological sample, separating one or more
of the digested peptides, and subjecting the separated pep-
tides to mass spectrometry to identify at least one of the
separated peptides. One or both of the presence and amount of
the atleast one identified peptide may indicate that the peptide
is a lung cancer biomarker peptide. For example, the amount
of at least two biomarkers in the biological sample from a
subject may be measured using mass spectrometry. One or
both of an increase in the amount of signal at the m/z ratio
values specific to the digested peptides from an up-regulated
protein biomarker, and a decrease in the amount of signal at
the m/z ratio values specific to the digested peptides from a
down-regulated protein biomarker in the biological sample as
compared to a non-lung cancer reference amount of the sig-
nals may indicate that the subject may have lung cancer.
SELDI is a technique based on the pretreatment of a biologi-
cal fluid or tissue extract with various proteomic chips, per-
forming protein extractions based on hydrophobic, ion-ex-
change, metal binding, or other interactions. The bound
proteins may then be subjected to mass spectrometric analy-
sis.

[0177]

[0178] Biomarkers may be found in blood serum, as sug-
gested by the two examples below.

5. Detection of Biomarkers in Blood Serum

[0179] Prostate specific antigen (PSA) is a biomarker used
commonly for diagnosis and management of prostate cancer.
PSA is an androgen-regulated, serine protease produced by
both normal prostate epithelial and prostate cancer cells. A
significant up-regulation of PSA may be observed in prostate
cancer tissues, ranging from 0.4-140 pg. Its elevated level
may be detected in cancer patient serum. In clinical applica-
tions, testing for the elevated serum levels of PSA may be
used as a screening method for prostate cancer.

[0180] An up-regulation of heat shock protein 70 (HSP70)
has been identified in hepatocellular carcinoma tissues, col-
orectal cancer tissues, and cervical cancer tissues. With the
use of proteomic approach, an elevation in the sera of autoan-
tibodies reacting with hsp 70 and an increase of hsp 70 in
serum may be observed in cancer patients. Since autoantibod-
ies may be produced in cancer patients from an early stage,
and the amount of autoantibodies against hsp70 and the level
ofhsp 70 may be detectable in patient’s serum, HSP70 may be
a suitable biomarker for cancer screening in blood.

[0181] Having described embodiments of the biomarkers
and method with reference to the accompanying drawings, it
1s to be understood that the biomarkers and method are not
limited to the precise embodiments, and that various changes
and modifications may be effected therein by one having
ordinary skill in the art without departing from the scope or
spirit as defined in the appended claims.
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[0182] Furthermore, it should be understood that the biom-
arkers and method are not limited to the precise embodiments
described below and that various changes and modifications
thereof may be effected by one skilled in the art without
departing from the spirit or scope of the invention. For
example, elements and/or features of different illustrative
embodiments may be combined with each other and/or sub-
stituted for each other within the scope of this disclosure and
appended claims.

EXAMPLES
BExamples 1

Expression of Amyloid P Component in NSCLC
Tissues and its Adjacent Non-Tumor Tissues

[0183] Animmunoreactive band for amyloid P component
(APC) with an apparent molecular weight of about 25 kDa
was specifically detected in tumor (T) and non-tumor tissues
(N), as shown in FIG. 21A. The band intensities were quan-
tifled by their black light units (BLU). The relative expression
level of amyloid P component was normalized equally by the
internal control, f-actin in either tumor tissues or the paired
non-tumor tissues prior to comparison. This was because the
lung tissue samples had various degrees of haemolysis, and
the amounts of stable expressed tissue protein, [3-actin, may
vary greatly in the analyzed tissue samples.

[0184] After normalizing with [-actin, the relative expres-
sion level of amyloid P component was reduced with more
than 1.5-fold in eight of out ten tumors analyzed when com-
pared to the adjacent non-tumor tissues, as depicted in FIG.
21B. Only one of the samples, patient no. 428, showed an
increased expression of APC in tumor tissues.

[0185] The data has therefore shown that APC may be used
as a biomarker for identifying, diagnosing, and monitoring
cancerous lung tissues.

Example 2

Expression of Chaperonin in NSCLC Tissues and its
Adjacent Non-Tumor Tissues

[0186] An immunoreactive band for chaperonin with an
apparent molecular weight of about 60 kDa was specifically
detected in tumor (T) and non-tumor tissues (N), as shown in
FIG. 22A. The relative expression level of chaperonin was
normalized equally by the internal control, f-actin in either
tumor tissues or the paired non-tumor tissues prior to com-
parison.

[0187] The relative expression level of chaperonin was
increased with more than 1.5-fold in seven out of ten tumors
analyzed when compared to the adjacent non-tumor tissues,
as depicted in FIG. 22B. A decreased expression was only
found in one of the samples, patient no. 61. No significant
changes were observed in patient nos. 54 and 96.

[0188] The data has therefore shown that chaperonin may
beused as a biomarker for identifying, diagnosing, and moni-
toring cancerous lung tissues.

Example 3

Expression of Peroxiredoxin IT in NSCLC Tissues
and its Adjacent Non-Tumor Tissues

[0189] An immunoreactive band for peroxiredoxin II with
an apparent molecular weight of about 25 kDa was specifi-
cally detected in tumor (T) and non-tumor tissues (N), as
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shown in FIG. 23A. The relative expression level of perox-
iredoxin II was normalized equally by the internal control,
[-actin in either tumor tissues or the paired non-tumor tissues
prior to comparison.

[0190] The relative expression level of peroxiredoxin I1
was decreased with more than 1.5-fold in eight out of ten
tumors analyzed when compared to the adjacent non-tumor
tissues, as depicted in FIG. 23B. No significant changes were
observed in patient nos. 86 and 428.

[0191] The data has therefore shown that peroxiredoxin I1
may be used as a biomarker for identifying, diagnosing, and
monitoring cancerous lung tissues.

Example 4

Expression of Peroxiredoxin III in NSCLC Tissues
and its Adjacent Non-Tumor Tissues

[0192] Animmunoreactive band for peroxiredoxin 11T with
an apparent molecular weight of about 25 kDa was specifi-
cally detected in tumor (T) and non-tumor tissues (N), as
shown in FIG. 24A. The relative expression level of perox-
iredoxin I1I was normalized equally by the internal control,
[-actinin either tumor tissues or the paired non-tumor tissues
prior to comparison.

[0193] The relative expression level of Peroxiredoxin IIT
was decreased with more than 1.5-fold in nine out of ten
tumors analyzed when compared to the adjacent non-tumor
tissues, as depicted in FIG. 24B. Only one of the samples,
patient no. 61, showed an increased expression of Peroxire-
doxin 11T in tumor tissues.

[0194] The data has therefore shown that peroxiredoxin 111
may be used as a biomarker for identifying, diagnosing, and
monitoring cancerous lung tissues.

Example 5

Expression of Peroxiredoxin VI in NSCLC Tissues
and its Adjacent Non-Tumor Tissues

[0195] Animmunoreactive band for peroxiredoxin VI with
an apparent molecular weight of about 25 kDa was specifi-
cally detected in tumor (T) and non-tumor tissues (N), as
shown in FIG. 25A. The relative expression level of perox-
iredoxin VI was normalized equally by the internal control,
[-actin in either tumor tissues or the paired non-tumor tissues
prior to comparison.

[0196] The relative expression level of peroxiredoxin VI
was decreased with more than 1.5-fold in all of the tumors
analyzed when compared to the adjacent non-tumor tissues,
as depicted in FIG. 25B. The data has therefore shown that
peroxiredoxin VI may be used as a biomarker for identifying,
diagnosing, and monitoring cancerous lung tissues.

[0197] A dot chart showing the log value of fold change in
the expression of amyloid P component, chaperonin, perox-
iredoxin 11, 11T and VI in tumor tissues from NSCLC patients
is depicted in FIG. 26.

Example 6
Biomarker Panel

[0198] A panel of six biomarkers was created that included
annexin V, APC, chaperonin (Hsp 60), Prx 11, Prx III and Prx
V1. The relative expression level of each of the six biomarkers
was measured and normalized in the same way as described in
Examples 1 to 5. Five out of the six biomarkers exhibited
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more than a 1.5-fold in change according to its corresponding
expression level, as depicted in FIG. 27.

[0199] The data therefore has shown a panel of biomarkers
may significantly increase the accuracy in identifying, diag-
nosing, and monitoring cancerous lung tissues.

[0200] While the biomarkers and method have been
described, it should be understood that the biomarkers and
method are not so limited, and modifications may be made.
The scope of the biomarkers and method are defined by the
appended claims, and all devices that come within the mean-
ing of the claims, either literally or by equivalence, are
intended to be embraced therein.

What is claimed is:

1. A method for identifying, diagnosing, and monitoring
cancerous lung tissues in a subject, comprising:

measuring expression of at least one biomarker in a bio-

logical sample in said subject; and

comparing said expression against a normal value,

wherein, when a differential expression of said at least one

biomarker between said biological sample and said nor-
mal value is more than 1.5-fold, said lung tissue is can-
cerous, and

wherein said at least one biomarker is selected from the

group consisting of peroxiredoxin I, peroxiredoxin II,
peroxiredoxin III, peroxiredoxin IV, peroxiredoxin VI,
chaperonin, amyloid-P-component, annexin V, dihydro-
pyrimidinase-like 2 protein, glutamate carboxypepti-
dase, 2,3-bisphosphoglycerate mutase, thymidine phos-
phorylase, prolyl-4 hydroxylase, selenium binding
protein 1, B-mitochondrial ATP synthase H* transport-
ing F1 complex, laminin-binding protein, minichromo-
some maintenance deficient protein 5 variant, keratin 9,
keratin 10, napsin A aspartic peptidase, M2-type pyru-
vate kinase, and apolipoprotein A-I.

2. The method of claim 1, wherein said biological sample
comprises lung tissue biopsy.

3. The method of claim 1, wherein said biological sample
comprises serum.

4. The method of claim 1, wherein said measuring expres-
sion comprises using an antibody-based technique to measure
expression of biomarker protein.

5. The method of claim 4, wherein said antibody-based
technique comprises an enzyme-linked immunosorbent
assay.

6. The method of claim 4, wherein said antibody-based
technique comprises an immunohistochemical analysis.

7. The method of claim 4, wherein said antibody-based
technique comprises a tissue microarray immunohistochemi-
cal analysis.

8. The method of claim 1, wherein said measuring expres-
sion coniprises using mass spectrometry to measure expres-
sion of biomarker protein.

9. The method of claim 8, wherein said mass spectrometry
comprises surface enhanced laser desorption/ionization.

10. The method of claim 1, wherein said expression is
over-expression, and said at least one biomarker is selected
from the group consisting of chaperonin, annexin V,
glutamate carboxypeptidase, thymidine phosphorylase, pro-
lyl-4 hydroxylase, f-mitochondrial ATP synthase H* trans-
porting F1 complex, laminin-binding protein, minichromo-
some maintenance deficient protein 5 variant, keratin 9,
keratin 10, napsin A aspartic peptidase and M2-type pyruvate
kinase.
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11. The method of claim 1, wherein said expression is
under-expression, and said at least one biomarker is selected
from the group consisting of peroxiredoxin I, peroxiredoxin
11, peroxiredoxin III, peroxiredoxin IV, peroxiredoxin VI,
amyloid-P-component, dihydropyrimidinase-like 2 protein,
2,3-bisphosphoglycerate mutase, selenium binding protein 1
and apolipoprotein A-I.

12. The method of claim 1, wherein said cancerous lung
tissue comprises non-small cell lung carcinoma.

13. The method of claim 1, wherein said at least one biom-
arker comprises a panel of at least two biomarkers.

14. A method of determining the effectiveness of a treat-
ment for a patient diagnosed with cancerous lung tissues,
comprising;

measuring expression of at least one biomarker in a first

biological sample from said patient before treatment;

measuring expression of said at least one biomarker in a

second biological sample from said same patient taken
during said treatment;

comparing said expression of said first sample before treat-

ment against a normal value; and

comparing said expressions of said second sample after

treatment against said normal value,

wherein, when a differential expression of said at least one

biomarker between said first sample before treatment
and said normal value is more than 1.5-fold than a dif-
ferential expression of said at least one biomarker
between said second sample after treatment and said
normal value, said treatment is effective, and

wherein said at least one biomarker is selected from the

group consisting of peroxiredoxin 1, peroxiredoxin 1I,
peroxiredoxin II1, peroxiredoxin IV, peroxiredoxin VI,
chaperonin, amyloid-P-component, annexin V, dihydro-
pyrimidinase-like 2 protein, glutamate carboxypepti-
dase, 2,3-bisphosphoglycerate mutase, thymidine phos-
phorylase, prolyl-4 hydroxylase, selenium binding
protein 1, p-mitochondrial ATP synthase H transport-
ing F1 complex, laminin-binding protein, minichromo-
some maintenance deficient protein 5 variant, keratin 9,
keratin 10, napsin A aspartic peptidase, M2-type pyru-
vate kinase, and apolipoprotein A-I.

15. The method of claim 14, wherein said biological
sample comprises lung tissue biopsy.

16. The method of claim 14, wherein said biological
sample comprises serum.

17. The method of claim 14, wherein said measuring
expression comprises using an antibody-based technique to
measure expression of biomarker protein.

18. The method of claim 14, wherein said measuring
expression comprises using a mass spectrometry to measure
expression of biomarker protein.

19. The method of claim 14, wherein said expression is
over-expression, and said at least one biomarker is selected
from the group consisting of chaperonin, annexin V,
glutamate carboxypeptidase, thymidine phosphorylase, pro-
lyl-4 hydroxylase, -mitochondrial ATP synthase H* trans-
porting F1 complex, laminin-binding protein, minichromo-
some maintenance deficient protein 5 variant, keratin 9,
keratin 10, napsin A aspartic peptidase and M2-type pyruvate
kinase.

20. The method of claim 14, wherein said expression is
under-expression, and said at least one biomarker is selected
from the group consisting of peroxiredoxin I, peroxiredoxin
11, peroxiredoxin III, peroxiredoxin IV, peroxiredoxin VI,
amyloid-P-component, dihydropyrimidinase-like 2 protein,
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2,3-bisphosphoglycerate mutase, selenium binding protein 1 22. The method of claim 14, wherein said at least one

and apolipoprotein A-I. biomarker comprises a panel of at least two biomarkers.
21. The method of claim 14, wherein said cancerous lung

tissue comprises non-small cell lung carcinoma. ook ow ok
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