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Morphologic assessment of lung tumors is informative but insuf-
ficient to adequately predict patient outcome. We previously
identified transcriptional profiles that predict patient survival, and
here we identify proteins associated with patient survival in lung
adenocarcinoma. A total of 682 individual protein spots were
quantified in 90 lung adenocarcinomas by using quantitative
two-dimensional polyacrylamide gel electrophoresis analysis. A
leave-one-out cross-validation procedure using the top 20 survival-
associated proteins identified by Cox modeling indicated that
protein profiles as a whole can predict survival in stage I tumor
patients (P � 0.01). Thirty-three of 46 survival-associated proteins
were identified by using mass spectrometry. Expression of 12
candidate proteins was confirmed as tumor-derived with immu-
nohistochemical analysis and tissue microarrays. Oligonucleotide
microarray results from both the same tumors and from an inde-
pendent study showed mRNAs associated with survival for 11 of 27
encoded genes. Combined analysis of protein and mRNA data
revealed 11 components of the glycolysis pathway as associated
with poor survival. Among these candidates, phosphoglycerate
kinase 1 was associated with survival in the protein study, in both
mRNA studies and in an independent validation set of 117 adeno-
carcinomas and squamous lung tumors using tissue microarrays.
Elevated levels of phosphoglycerate kinase 1 in the serum were
also significantly correlated with poor outcome in a validation set
of 107 patients with lung adenocarcinomas using ELISA analysis.
These studies identify new prognostic biomarkers and indicate that
protein expression profiles can predict the outcome of patients
with early-stage lung cancer.

Lung cancer is the leading cause of cancer death for both men
and women in the United States, with �160,000 new cases

each year. The 5- and 10-year overall survival rates for patients
receiving treatment were 14% and 8%, respectively. Nonsmall
cell lung cancer accounts for almost 80% of lung cancers, of
which 40% are adenocarcinomas. Although patients diagnosed
with stage I adenocarcinoma have an overall 5-year survival
rate of 63%, nearly 35% will relapse after surgical resection,
thus portending a poor prognosis (1, 2). Identification of these
high-risk patients with resectable early-stage disease would
provide the opportunity for adjuvant therapy, possibly leading to
increased survival.

The relationship of many clinical, pathological, and molecular
factors to patient survival in nonsmall cell lung cancer has been
investigated. Although prognosis in general correlates with
clinical variables, such as stage, it is currently difficult to predict
the clinical outcome for individual patients with stage I tumors
(3). Several molecular prognostic factors have been proposed,
such as K-ras or p53 mutational status, Bcl-2 and c-erbB-2
overexpression (4), and DNA replication errors manifested as
microsatellite instability (5). Given the known morphologic and
molecular heterogeneity of lung carcinomas and the complex
nature of treatment responses, analysis of multiple biologic or
molecular markers may be more informative than any single
marker (6, 7). We have previously demonstrated the use of

mRNA-based gene expression profiles to predict survival in lung
adenocarcinoma (7). To date, however, very few prognostic
protein markers have been accepted for routine clinical use,
either because of conflicting reports or because associations are
insufficient for formulation of clinical treatment plans (8).

High-resolution 2D PAGE analysis allows the simultaneous
assessment of hundreds of known and unknown polypeptides. In
previous studies, we have identified individual proteins and specific
protein isoforms that were increased in lung cancer (9, 10). Here,
among 682 total proteins quantified, we have identified those that
can, when used together in protein expression profiles or as
individual protein candidates, predict patient survival in lung
adenocarcinomas. Confirmation of candidates was performed by
using both mRNA microarrays and tissue microarray (TMA).
Phosphoglycerate kinase 1 (PGK1) was found to be strongly pre-
dictive of patient survival both as measured in primary tumors or
in patients’ sera.

Materials and Methods
The procedures that are only briefly described here are detailed
in Supporting Text, which is published as supporting information
on the PNAS web site.

Patient Population. A total of 62 stage I lung adenocarcinomas, 28
stage III lung adenocarcinomas, and 10 nonneoplastic lung
tissues were examined by 2D PAGE. A validation set of 90 lung
adenocarcinomas and 27 squamous lung carcinomas were ex-
amined by using TMAs and immunohistochemistry. An over-
lapping series of 107 lung adenocarcinoma sera were used for
PGK1 ELISA analysis.

Analytical 2D PAGE. All details of the 2D gel methods, protein spot
detection, spot quantitation as well as mass spectrometry are
published as supporting information on the PNAS web site.

Oligonucleotide Arrays. Expression values for mRNA from 86 lung
adenocarcinomas have been previously reported (7). Of these, 76
tumors had available quantitative 2D protein data allowing for
analysis of the correlation between mRNA and protein for
individual candidates.

Two-Dimensional Westerns and Immunohistochemistry of Tissue Ar-
rays. A detailed description of all antibodies and methods used
are published as supporting information as described above.

Serum PGK1 ELISA Analysis. Sera from 107 lung adenocarcinomas,
including 66 stage I, 15 stage II, 20 stage III and 6 stage IV, were
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used for ELISA analysis. Of these 107 patients, 46 tissues were
also used in the 2D PAGE analysis set and 17 tissues were used
in the TMA validation set in this study. Details of the assay are
published as supporting information.

Statistical Analysis. Gels were prepared in batches of 20, and
methods used for batch adjustment are described in detail in the
supporting information. Survival time was defined as the interval
between the day of operation for the lung adenocarcinoma and the
date of lung-cancer-related death. Cox proportional hazards re-
gression methods (11) were used to investigate the relationship
between survival, clinical–pathological variables, and protein quan-
tities. A leave-one-out cross-validation procedure (7, 12) was used
to test the predictive ability of the top 20 ranked proteins, based on
P values from the Cox model, to predict low and high risk subsets.
For each of the 90 tumors, the remaining 89 were used to select 20
top-ranked proteins and to create a risk index. The risk index is a
linear combination of the top 20 protein values multiplied by the
coefficient betas from the univariate Cox models. The index was
then used to classify the left-out tumor as either low or high risk,
depending on whether it was above or below the median (50th
percentile cutoff point) of the risk indices of the other 89 tumors.
We found that using 20 proteins and a 50th percentile cutoff point
provided a conservative estimate of the predictive ability of proteins
relative to other numbers of proteins examined (15–25 proteins; see
Table 2, which is published as supporting information on the PNAS
web site).

Results
Association Between Clinical Variables and Patient Survival. Univar-
iate Cox proportional hazards regression analysis was performed by
using 15 separate clinical–pathological variables to determine po-
tential relationships between these variables and overall survival
among 90 patients with lung adenocarcinoma (Table 3, which is
published as supporting information on the PNAS web site). Six
variables were observed to have a significant (P � 0.05) relationship
with survival: stage (P � 0.0001), tumor size (P � 0.007), nodal
status (P � 0.0001), pleural surface involvement (P � 0.0001),
positive lymphocytic response (P � 0.01), and the presence of
angiolymphatic invasion (P � 0.001). �2 test showed tumor size,
nodal status, pleural surface involvement, and the presence of
angiolymphatic invasion were significantly associated with tumor
stage (P � 0.003), but lymphocytic response was not (data not
shown). Multivariate Cox analysis showed that both stage and
lymphocytic response were independently predictive of patient
outcome (P � 0.00007 and 0.024, respectively). Patient’s age,
gender, race, smoking status, tumor classification (bronchioloal-
veolar vs. bronchial-derived), differentiation, tumor location (left
lobe vs. right lobe), p53 nuclear accumulation, and K-ras mutational
status were not correlated with survival (Table 3).

Protein Expression Profiles Predict Survival in Stage I. Univariate Cox
proportional hazards regression analysis using all 90 samples and
682 protein spots indicated 46 proteins were associated with patient
survival (P � 0.05, Table 1). The location of some of these proteins
on a representative 2D gel is shown in Fig. 1. We chose to examine
the predictive potential of protein profiles by using a leave-one-out
cross-validation procedure. In this approach, each possible set of 89
tumors was used to select the top 20 ranked proteins based on P
value, and to create a risk index that was used to classify the left-out
sample as either low or high risk. By using 20 proteins and a 50th
percentile cutoff value, a significantly better survival (P � 0.005,
log-rank test) for the low-risk group compared with the high-risk
group is observed among all samples (Fig. 2A). We observed similar
significant predictive abilities by using 15–20 proteins at the 40th,
45th or 50th percentile cutoff points (Table 2). The data presented
represent a conservative result using 20 proteins and a 50th
percentile cutoff point. Among all tumors, there were 7 of 39

(17.9%) deaths among the low-risk group of patients, and 24 of 51
(47.1%) deaths among the high-risk group. In this same procedure,
survival was significantly worse in the high-risk stage I group
(P � 0.01, Fig. 2B). Stage III tumors could not be separated into
significantly different subgroups as most of these tumors resulted in
a poor outcome. These results demonstrate that protein profiles as
a whole were predictive of patient outcome in the entire tumor set
as well as in stage I patients alone.

Identification of Proteins Associated with Survival. Of the 46 proteins
found to be associated with patient survival, 33 were identified by
mass spectrometry (Table 1). Thirteen protein spots could not be
definitively identified because of very low abundance (Table 4,
which is published as supporting information on the PNAS web
site). A negative coefficient beta indicates that the protein expres-
sion values are associated with a favorable prognosis, whereas a
positive coefficient beta is associated with an unfavorable progno-
sis. For spots with P � 0.05, we expected 34 by chance alone and
obtained 46. For spots with P � 0.01, we obtained 14 and expected
6.8 by chance. Thus, we found more significant proteins than would
be expected by chance alone. Table 5, which is published as
supporting information on the PNAS web site, lists the proteins
showing associations (P � 0.05) with clinical–pathological variables
as determined by using F test statistics.

Validation of Protein Expression with mRNA Levels. Although protein
expression levels predictive of patient outcome may not imply that
mRNA measures are similarly associated with outcome, we inves-
tigated mRNA levels in both the same set of tumors as well as in
an independent set of mRNA and survival data (13). For the
samples from the present protein study, oligonucleotide array data
(7) was available for 27 genes coding for survival related proteins.
Correlation coefficients between protein and mRNA levels are
given in Table 1. Of the 27 genes available in the mRNA data, 6
were associated with survival (P � 0.05), and in an independent
data set from another laboratory of 84 lung adenocarcinomas (13),
7 genes were associated with survival (P � 0.05, Table 1). Phos-
phoglycerate kinase 1 (PGK1) and triosephosphate isomerase (TPI)
mRNA were significant for patient outcome in both data sets.
Comparisons of the mRNA values to the protein values from each
tumor sample indicate that only PGK1, and specific isoforms of
cytokeratins (KRT) 7, 8, and 19 as previously reported (14), were
found to be significantly correlated (P � 0.05) with their respective
mRNA expression levels (Table 1). The lack of correlation among
the other protein isoforms may reflect regulation by posttranscrip-
tional or translational mechanisms (15).

Two-Dimensional Western Blot Analysis. To confirm the results
from mass spectrometry and to potentially identify additional
isoforms of the survival-related proteins, 2D Western blot
analysis of A549 lung adenocarcinoma cell lines or primary
tumor tissues were performed for the 12 proteins for which
antibodies were available (Table 1). One predominant isoform of
GRK4 and GRP78, four isoforms of PGAM1, and eight isoforms
of PGK1 (Fig. 1C) from the tumor 2D gels were detected,
including those isoforms identified by mass spectrometry. The
GRP78 antibody reacted slightly with three heat shock proteins
of the same family (GRP75, HSPA10, and HSPA1b) that were
confirmed by mass spectrometry, but their expression levels did
not correlate with survival (data not shown). The other immu-
noreactive PGAM1 protein isoforms had not been quantitatively
analyzed because of low abundance. Of the eight PGK1 isoforms
detected by 2D Western blot analysis (Fig. 1C), three had been
analyzed quantitatively and one isoform (no. 826) was signifi-
cantly correlated with survival (Fig. 1D and Table 1).

Antibodies that primarily react with the specific protein
isoforms associated with survival were in most instances not
available. Antibodies reactive to GFAP and PBP were found to
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recognize the native-sized proteins, but did not recognize the
smaller molecular weight isoforms identified by MS and related
to patient survival. Antibodies for FGF4, GST-�, and mEH
either reacted nonspecifically or insufficiently to the survival-
related protein isoforms on 2D Western blot. Analysis of KRT7,
KRT8, and KRT19 isoform expression and relationship to
survival were described elsewhere (14).

Confirmation of Tumor-Specific Expression and Relationship to Risk by
Using an Independent Set of Tumors. To determine whether the
survival-related proteins identified by mass spectrometry and 2D
Western blot were expressed in lung tumors, all 12 antibodies were
probed on a TMAs containing the 90 lung adenocarcinomas and
normal lung samples from this study. Immunohistochemical anal-
ysis with these antibodies revealed expression primarily in tumor
cells. Among the 12 antibodies, those for PGK1, GRK4, PGAM1,
GRP78, and KRT19 recognized at least one of the survival-related
isoforms of each protein. As further validation, these five antibodies
were used on the TMAs representing an independent set of 90 lung
adenocarcinomas, including 69 stage I, 12 stage II, and 9 stage III,
and 27 squamous lung tumors. Importantly, PGK1 showed a graded
staining pattern with some tumors expressing little, and others
expressing very abundant immunoreactivity (Fig. 3 A–E). Strong
nuclear PGK1 staining was detected in a subset of tumors (Fig. 3D).
Moreover, abundant PGK1 immunoreactivity was associated with
reduced survival in this independent set of lung adenocarcinomas
(Fig. 2C; P � 0.04) as well as in the squamous lung tumors (P � 0.04,
data not shown). Squamous lung carcinomas showed abundant
cytoplasmic and nuclear PGK1 expression similar to adenocarci-
nomas (Fig. 3E).

The antibody for the GRK4 protein recognized one survival-
associated isoform by 2D Western blot (Fig. 1C) and was found
to react at low levels with tumor cytoplasm. However, the
strongest immunoreactivity was to neutrophils in normal lung,
adenocarcinomas and squamous tumors (Fig. 3 F–H). The
increased expression of GRK4 protein as determined by 2D
PAGE was found to be associated with a favorable outcome

(Table 1), and analysis of GRK4 immunoreactivity in the
independent set of tumors also showed a trend for favorable
outcome, although it did not reach statistical significance (P �
0.1). Interestingly, the mRNA levels of myeloperoxidase, a gene
abundantly expressed in neutrophils, was also favorable for
survival in the adenocarcinomas (P � 0.03). Both PGAM1 and
GRP78 were observed to show strong immunoreactivity in
tumor cells, but were only marginally predictive of patient
outcome in the validation set of lung tumors (P � 0.07 for both,
Fig. 3 I and J) possibly because of the difficulty in obtaining
precise quantitative data with immunohistochemistry.

PGK1 Protein Is Detected in Patients’ Sera. ELISA analysis showed
that high levels of serum PGK1 were also significantly correlated
with poor outcome in an overlapping series of 107 lung adeno-
carcinomas (P � 0.004, Fig. 2D). The level of PGK1 in the serum
did not correlate with tumor stage and tumor size (data not
shown). Multivariate Cox proportional hazards regression anal-
ysis of PGK1 and stage showed that serum PGK1 predicts
survival independent of stage (P � 0.01, Table 6, which is
published as supporting information on the PNAS web site).

Increased Glycolysis Pathway Components Are Associated with Poor
Survival. We observed that at least four of the proteins (PGK1,
phosphoglycerate mutase, � enolase, and pyruvate kinase M1) that
are increased in expression and associated with poor survival
(Table 1) are components of the glycolysis pathway (Fig. 4; www.

Fig. 1. Two-dimensional PAGE image and 2D Western blots for selected
survival-related proteins. (A) Two-dimensional gel image showing protein
separation by molecular mass (MW) and isoelectric point (pI). (B) Two-
dimensional separation of the regions that include GRP78, GRK4, PGAM1, and
PGK1 isoforms. (C) Two-dimensional Western blot showing GRP78, PGAM1,
GRK4, or PGK1 immunoreactive protein spots. The same isoforms for each
protein are indicated with arrows for B and C. (D) Tandem mass spectrometry
(ESI MS�MS) confirmation for the PGK1 protein spot shown in B.

Fig. 2. Protein expression profiles and patient survival. (A) Kaplan–Meier
survival plots showing the relationship between patient survival and the risk
index based on the leave-one-out cross-validation procedure using the top 20
survival-associated proteins among all 682 proteins using all 90 tumors. The
high- and low-risk groups differ significantly (P � 0.005). (B) Relationship
between patient survival and the risk index based on the leave-one-out
cross-validation procedure using the top 20 survival-associated proteins
among the 62 stage I tumors. The high- and low-risk groups differ significantly
(P � 0.01). (C) Relationship between patient survival and PGK1 protein ex-
pression in an independent validation set of 90 lung adenocarcinomas. PGK1
immunohistochemical analysis of a tissue array indicates that increased PGK1
is associated with a reduced survival (P � 0.04). (D) Relationship between
patient survival and serum PGK1 levels (ratio of PGK1�total serum protein) by
using ELISA analysis with 107 lung adenocarcinomas (P � 0.004).
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GenMapp.org and www.genome.ad.jp�kegg�kegg2.html contain
�150 pathways). In our mRNA analyses using these same tumors
(7), there were 45 probe sets (42 distinct genes) in the glycolysis�
gluconeogenesis pathway. Of 538 probe sets significantly associated
with survival (P � 0.05 in Cox models of 4,966 probe sets), 15 genes
were in the glycolysis pathway. The association between survival
and this pathway is significant (P � 0.00004, Fisher’s exact test), and
furthermore, 13 of these 15 genes were increased in high-risk
patients. When an independent set of oligonucleotide array data of
lung adenocarcinoma (13) containing 12,600 probe sets was used,
56 were in the pathway (50 distinct genes), and we found 16 of 1,066
probe sets associated with survival (P � 0.05). Here the enrichment
of survival-associated genes for pathway members was significant
(P � 0.00001, Fisher’s exact test), and 13 of 16 genes were associated
with increased patient risk (see http:��dot.ped.med.umich.
edu:2000�pub�Lung�prot�index.html for additional information).

Discussion
Tumor stage is an important predictor of patient outcome;
however, nearly a third of stage I lung adenocarcinoma patients
will not survive 5 years (16, 17). Because these patients receive
only surgical resection as the current standard of care, it is
important to identify the high-risk stage I patients who may

benefit from additional therapy (16, 18). To assess the ability of
protein expression profiles to predict patient outcome, we used
a leave-one-out cross-validation procedure in which a risk index
based on the top 20 ranked proteins determined from each
possible set of 89 tumors was used to classify the left-out sample
as either low or high risk. Samples classified as low (n � 39) and
high (n � 51) risk by this method differed significantly in their
survival, as did low (n � 32) and high (n � 30) risk stage I tumors
(Fig. 2 A and B). This indicates the potential survival-relatedness
of these proteins, and that protein expression profiles in addition
to gene expression profiles (7) can identify a subgroup contain-
ing high-risk stage I patients.

Based on the quantitative 2D PAGE analysis of 90 lung
adenocarcinomas, we found 46 proteins were significantly asso-
ciated with survival by using a univariate Cox hazard regression
analysis. Of the 33 survival-related protein isoforms identified by
MS, 14 are enzymes, 10 represent structural proteins, and 8
include proteins with chaperone, growth factor, potential onco-
genic, proteinase inhibitory, or calcium-binding properties.
GRP78, also known as heat shock 70kD protein 5, was associated
with a favorable outcome in our analysis. Although this is
consistent with reports of GRP78 expression in lung cancers
having a low microvessel density (19), a feature of the less
aggressive tumors, and GRP78 association with increased sen-
sitivity to clinically useful chemotherapy agents (20), many
reports suggest that this protein is associated with antiapoptosis,
cancer progression, and drug resistance (21). A favorable rela-

Fig. 3. Immunohistochemical analysis of survival-associated proteins PGK1,
GRK4, GRP78, and PGAM1. (A) PGK1 expression in normal lung. Low-level
staining of alveloar macrophages (arrow) and parenchymal lung cells is ob-
served. (B) An adenocarcinoma demonstrating low-level staining of PGK1
(arrow). (C) Adenocarcinoma showing abundant cytoplasmic and�or nuclear
staining of PGK1 within the tumor cells (arrow). (D) Relatively abundant
nuclear localization (arrow) of PGK1 immunoreactivity in an adenocarcinoma.
(E) Both cytoplasmic and nuclear PGK1 staining of a squamous cell carcinoma
of the lung. (F) GRK4 expression in normal lung is primarily observed in
neutrophils as shown located within a large blood vessel (arrow). (G) Abun-
dant GRK4 staining in neutrophils within an adenocarcinoma. (H) GRK4
staining in neutrophils and in the tumor cells (arrow) in a squamous lung
carcinoma. (I) GRP78 positive staining in an adenocarcinoma (arrow). (J)
PGAM1 positive staining (arrow) in an adenocarcinoma. All original magnifi-
cations, �200.

Fig. 4. Proteins and mRNAs significantly correlated with patient survival in
lung adenocarcinomas representing components in the glycolysis pathway.
Increased expression in the glycolysis pathway enzymes is shown for tumors
showing poor patient outcome. The figure is based on results using GENMAPP

(www.GenMAPP.org).
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tionship to survival was also observed for the G protein-coupled-
receptor kinase 4 (GRK4). Interestingly, this appears to react
primarily with neutrophils. The exact role of neutrophils in these
tumors is uncertain; however, this demonstrates the potential for
proteomic-based studies using heterogeneous tissue to uncover
processes that may be relevant to tumor growth or progression.

In this study, both an individual protein isoform and the mRNA
level for PGK1 were significantly associated with an unfavorable
survival in lung cancers. We identified multiple isoforms of PGK1
(Fig. 1C) based on immunoreactivity. This may indicate multiple
posttranslational or degradation events influencing the expression
of PGK1 isoforms in lung adenocarcinomas. PGK1 expression
likely reflects increased glycolysis (Fig. 4) in the tumor cells and acts
to catalyze the reversible conversion of 1,3, diphosphoglycerate to
3-phosphoglycerate with the generation of one molecule of ATP.
PGK1 has also been reported to induce a multidrug-resistant
(MDR) phenotype through an MDR-1-independent mechanism
(22). The increased expression of genes involved in glycolysis has
been associated with the metastatic potential of colon carcinoma
cell lines (23). Stable overexpression of human PGK1 in rat
mammary adenocarcinoma cells significantly increases tumorigen-
esis in Balb�C nude mice (E. B. Daly, personal communication, and
P. J. Hogg, personal communciation). PGK1 mRNA in our series
of lung adenocarcinomas (7) was increased in stage III tumors, and
in tumors showing nodal involvement (N1–2), larger tumor size
(T2–4), and poor differentiation (data not shown). Increased PGK1
mRNA significantly associated with poor survival in lung adeno-
carcinomas from both this and a Harvard University-based study
(13), and we observe that PGK1 mRNA levels are significantly
correlated with the expression of the PGK1 isoform predictive of
survival. Importantly, levels of immunoreactive PGK1 measured on
TMAs and in serum were both predictive of reduced survival in two
independent series of lung adenocarcinomas (Fig. 2 C and D).
Multivariate Cox proportional hazards regression analysis showed
that PGK1 predicts survival independent of tumor differentiation,
pleural surface involvement, lymphocytic response, angiolymphatic
invasion, and T status in both protein and mRNA data sets. The
serum PGK1 predicts survival independent of stage (Table 6).

A highlight of our findings was that both proteins and mRNA
studies relate genes responsible for increased glycolysis to poor
patient outcome (Fig. 4). Importantly, four proteins and seven
mRNAs encoding enzymes in the glycolysis pathway were all
increased in expression and associated with poor survival, dem-
onstrating the potential of integrating both types of expression

analyses. Only PGK1 was significantly related at both mRNA
and protein levels, possibly reflecting regulation differences for
each enzyme in this pathway. PGK1 is controlled by oxygen
tension (24) and increased expression may reflect faster growing
and more hypoxic tumors. Consistent with induction of the
glycolysis pathway, we observed that both vascular endothelial
growth factor and IGFBP3 are increased in these tumors (7),
supporting a hypoxia-inducible factor 1�-mediated pathway (24,
25) as related to poor patient outcome in lung adenocarcinomas.
Proteins such a phosphoglycerate mutase (PGAM1), an enzyme
that catalyzes the reversible reaction of 3-phosphoglycerate to
2-phosphoglycerate in the glycolytic pathway, was elevated in
tumors showing pleural surface involvement and angiolymphatic
invasion (Table 5), consistent with unfavorable prognosis.
PGAM1 is expressed in multiple cancer types including lung
cancer (26). PGAM1 immunoreactivity was observed in lung
tumor cells, and it was marginally predictive of survival in our
validation lung tumor series.

We have used 2D PAGE and mass spectrometry to identify
proteins associated with both patient survival and with specific
clinical–pathological features of lung adenocarcinomas. Many of
these proteins represent specific isoforms of known proteins and
reflect posttranslational modifications and potential degrada-
tion forms. Additional research is required to understand the
underlying basis for cleavage or degradation of these proteins. A
number of these proteins appear to reflect the increased met-
abolic properties of aggressive lesions. A risk index derived from
the 20 proteins most associated with survival identified a subset
of stage I patients with a significantly worse clinical outcome. We
have identified individual survival-related proteins such as
PGK1 that predict patient outcome by using serum ELISA with
an independent series of tumors. Development of reagents for
accurate quantification of specific protein isoforms associated
with survival could provide useful predictive biomarkers as well
as indicate potential targets for therapy.
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