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Although human DNA sequences have alr eady been successfully decoded, thereis still much
we do not under stand about the pathogenesis of human diseases. Proteomic analysisis com-
prehensive analysis of proteins, and thereisa high probability that recent advancesin this
field will enableits application to individualized therapy based on thorough under standing
of the pathogenesis of human diseases. Two-dimensional polyacrylamide gel electrophoresis
(2-DE) and mass spectrometry (M S) areindispensabletoolsfor proteomic analysis, and these
technologies enable discovery of tiny changes of protein expression associated with patho-
genesis. In thisreview we introduce the present status of proteomic analysis for cancer-
related proteins, and especially lung cancer-related proteinsin the attempt to discover new
biomarkersfor early detection and deter mine novel tar get-molecules for treatment. We be-
lieve that proteomic analysis will provide crucial information for diagnosis and treatment.
(Ann Thorac Cardiovasc Surg 2006; 12: 4-9)
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I ntroduction

“Proteome” and “proteomics’ are relatively new words,
coined by Wilkins et al. in 1996.? Proteomic analysis
means comprehensive analysis of proteins, and proteomics
isthe science by which proteins are comprehensively in-
vestigated with regard to their rolesasfunctional elements.
The clarification of the human genome sequence is one
of the most brilliant eventsin life science, and its results
are accelerating comprehensive analysis of human gene
products, “proteins’. If the relationship between gene and
protein were aone-to-one correspondence, many research-
ers might not recognize the importance of proteomic
analysis. As we know, a gene aoneis only potential in-
formation that must be put into a functional form, even
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though the pathogenesis of a malignant neoplasm isin-
herently associated with genetic disorders. The DNA is
transcribed into RNA, then translated into protein. Dur-
ing this sequence, a number of alterations or modifica-
tions occurring at transcriptional, translational and post
trandational levels profoundly affect function. Put another
way, severa proteins with different functions may be de-
rived from one gene through either alternative splicing at
the RNA level or post-transational modifications at the
protein level, for instance phosphorylation. It is well-
known that phosphorylation is one of the most critical
phenomenain cellular functions, and that it may be inti-
mately associated with crucial eventsin the pathogenesis
of some human diseases, for instance malignant neoplasm.
Many researchers believe that proteomics will play a
dominant role in life science in the post-genome age.
Though recently “post genome” as a technical term is
frequently used, it would be more precise to say that at
present we are in the age of the post-genome sequence,
and that we now stand at the entrance to the age of func-
tiona analysisat the molecular level. The main molecules
carrying out physiological aswell as pathological func-
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tionsare, of course, proteins. Therefore, it is necessary to
investigate human proteins to understand the pathogen-
esis of human diseases.

Human genome analysis has shown that there are ap-
proximately 35,000 human genes, and it is assumed that
more than 100,000 proteins must be expressed in the hu-
man body. In addition, it is important to understand the
three-dimensional structures of protein molecule to un-
derstand their functions. Even though it is very compli-
cated to analyze protein molecules, we cannot avoid in-
vestigating proteins for the complete elucidation of the
pathogenesis of any human diseases. Therefore, new tech-
nology that combines simplicity, high through-put and
automatic analysisisrequired. In this context, recent ad-
vanced proteomic technol ogies have brought the hope of
discovering novel biomarkers that can be used to detect
the early stage of disease, to predict the effectiveness of
therapy and to monitor disease progression. The precise
prediction of both therapeutic effects and adverse reac-
tions must lead us to individualized therapy. In this re-
view we discuss the present status of clinical proteomics
for cancer-related proteins, and especially its application
in the field of lung cancer is reviewed. We believe that
understanding the present concepts of proteomic analy-
sisinthefield of oncology is extremely valuable for tho-
racic surgeons who will develop new therapeutic strate-
gies for malignant neoplasms. The fina purpose of clini-
cal proteomics is to improve diagnostic procedures in-
cluding the early detection and exact evaluation of the
biological characteristics of diseases, and to understand
the molecular pathogenesis of diseases to permit novel
therapeutic strategies.

Commencement of Clinical Proteomics—
Two-dimensional Polyacrylamide Gel Electro-
phoresis (2-DE) Based Strategies

Though the word “proteome” as atechnical term is new,
the concepts of comprehensive protein analysis have been
established from 1975. At that time, O’ Farrell established
high resolutional two-dimensional polyacrylamide gel
electrophoresis (2-DE) for comprehensive protein analy-
sis.? In this method proteins are separated using isoelec-
tric focusing (IEF) and sequential sodium dodecy! sulfate
polyacrylamide gel electrophoresis (SDS PAGE). Ap-
proximately 1,000 proteins can be evaluated on 2-DE gel
showing isoelectric point and molecular weight.

We started proteomic analysis using the 2-DE method
on surgically resected materials of solid cancersin 1989.
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Weinitially used frozen surgically resected materials, but
high resolutional analysisfor cancer-related proteins was
not possible due to contamination with serum proteins
and necrotic substances as well as normal cells such as
mesenchymal cells and inflammatory cells. Until we de-
veloped a new sample preparation method using fresh
surgically resected materials, it was impossible to inves-
tigate cancer-related proteins with high resolution.® Af-
ter the establishment of this non-enzymatic sample prepa-
ration technique we investigated the histopathological
magnification of each histological type of primary lung
cancer using clinical materials of primary lung cancer.
More than 80% of proteins detected on 2-DE gels were
not specific for any histological types. However, 2-DE
patterns shown by the expression of several proteinsre-
flected the histopathol ogical differentiation of the primary
lung cancer. During this investigation we identified 13
proteins associated with histopathological features. Most
well-differentiated cases show high expression rates of
proteins associated with the same histopathological dif-
ferentiation and very low expression rates of proteins as-
sociated with other histopathological differentiation. On
the other hand, in poorly differentiated cases we recog-
nized arelatively wide variation of expression ratesin
the proteins associated with histopathological differen-
tiation. In addition, when we evaluated primary lung ad-
enocarcinoma, cases with the typical 2-DE pattern for
lung adenocarcinoma showed a favorable outcome, and
on the other hand the other cases showing the atypical 2-
DE patterns showed arelatively poor outcome. The clas-
sification based upon the expression of cancer-related
proteins may reflect biological characteristics of the tu-
mor as well as histological differentiation.¥

During the investigation of histopathological differen-
tiation-related proteins, we detected one protein with high
intensity only in primary lung adenocarcinoma, TAO02.
This protein molecule was not expressed in either meta-
static lung adenocarcinoma from the other organs or the
other types of primary lung cancer except afew cases of
large cell lung cancer, and in normal human tissues this
molecule was distributed only in type Il pneumocyte and
apart of the renal tubules.>® At present, we understand
that TAO2 is homologous with napsin A, a new type of
aspartic proteinase, which isinvolved in the maturation
of the biologically active form of surfactant apoprotein B
(SpB). It issuggested that Napsin A cleavesthe N-termina
peptide of SpB, resulting in a 25 kDa intermediate.”®
We believe that our 2-DE investigation is the first report
concerning proteomic analysis using clinical samples of
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primary lung cancer.

Hanash and their colleagues a the University of Michigan
Medical Center constructed a database that contained
protein expression data on lung cancer based upon 2-DE
findings. Also, they identified histopathology-related pro-
teins. They described the possibility of developing novel
classification schemesfor lung cancer and the identifica-
tion of novel markers for early detection using this kind
of 2-DE protein database.” They also investigated 93 tis-
sue samples of lung adenocarcinoma and 10 samples of
normal lung tissues, and identified 9 protein molecules
with significant overexpression in lung adenocarcinoma.l?
Furthermore, they detected 46 survival-associated pro-
teins by 2-DE. Sequentially, 33 out of these 46 proteins
were identified using MS, and among these candidate
proteins, phosphoglycerate kinase 1 was validated as a
survival-associated protein based upon another investi-
gation of both tissues and serum derived from the pa-
tients with non-small cell lung.V

Proteome Platforms Not I nvolving 2-DE

Though 2-DE isreally one of the most powerful toolsfor
proteomic analysis, it does have several shortcomings. It
istoo intricate to permit automatic analysis, and its re-
producibility is sometimes poor. Also, highly abundant
proteins interfere with identification of less common pro-
teins on 2-DE gel when either total-cell lysates or tissue
lysates are applied to 2-DE analysis. When either cell
lysates or tissues lysates are analyzed, approximately 10°
orders in the dynamic range seem to be required. Fur-
thermore, it is difficult to investigate extremely acidic or
basic proteins and hydrophobic proteins, e.g. membrane
proteins, which are strongly associated with cellular func-
tions as a growth factor receptor. Therefore, new tech-
nology with high through-put and wide dynamic range
aswell aswith high sensitivity have been eagerly awaited.

After bioinformatics made remarkable progress due to
the completion of the human genome project, high
through-put proteomic technology rapidly developed in
the last 10 years. Finally, Fenn and Tanaka received the
Nobel Prizefor Chemistry in 2002, and proteomic analy-
sis using mass spectrometry (MS) became the center of
attention. They developed ionization technology, which
isessential for MS. Tanaka devel oped matrix-assisted la
ser desorption/ionization (MALDI), and Fenn also de-
veloped electro-spray ionization (ESI), which are essen-
tial elementsin M S instrumentation.

The USFood and Drug Administration (FDA) and

National Cancer Institute in the US set up a Clinical
Proteomics Program in 2001. The next year they reported
that a specific serum-proteomic pattern of ovarian cancer
was identified compared with patients and healthy do-
nors. They used a surface-enhanced laser desorption/ion-
ization (SELDI) M S system, which is an affinity-based
M S method using a protein chip modified with a specific
chromatographic surface. The SELDI MS system is a
modified MALDI MS system, and it is based upon the
principle that the proteins from crude mixtures are selec-
tively attached to specific biochemical surfaces. Some pro-
teins as potential biomarkers candidates may show a
higher binding affinity to certain surfaces than common
serum proteins. Serum samples from healthy donors and
disease-affected individuals are processed using this pro-
tein chip. After washing steps, matrix is added to the pro-
tein spotsand each proteomic patternis acquired. Samples
can be classified into a normal group, a disease-affected
patients' group and additional groups, through the appli-
cation of bioinformatic algorithms. SELDI MS analysis
does not absolutely rely on the actual identification of
the proteins to diagnose a disease. Therefore, this system
has been used to detect some biomarkers (proteomic pat-
terns) in complex protein mixtures such as cell lysates,
body fluids and serum (Fig. 1).

According to initial reports concerning ovarian cancer
by Petricoin et a., the discriminatory proteomic pattern
correctly identified all 50 ovarian cancer cases, including
18 stage | cases. Of the 66 cases of non-malignant dis-
eases, 63 were recognized as not being cancer. The sensi-
tivity was 100%, specificity 95%, and positive predictive
value 94%.%2 Furthermore, they investigated early detec-
tion of prostate cancer, and suggested that pathologic
states within the prostate might be reflected by changes
in serum proteomic patterns in relation to serum prostate
specific antigen (PSA). The proteomic pattern correctly
predicted 36 out of 38 patients with prostate cancer, while
177 out of 228 patients were correctly classified as hav-
ing benign conditions. For men with marginally elevated
PSA levels, the specificity was 71%. They concluded that
serum pattern diagnostics might be of value in deciding
whether to perform a biopsy on a man with an elevated
PSA level.*® This new approach is based upon the pro-
tein patterns analysis using SELDI and may provide a
more effective means to diagnose some kinds of malig-
nant neoplasm, such as ovarian, prostate, breast, and lung
cancer. Over the past three years, many investigators have
reported that pattern recognition algorithms based upon
SEL DI MS data may be successfully used to distinguish
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Fig. 1. Strategy for clinical proteomics.
A: Protein identification based upon two-dimensional polyacrylamide gel electrophoresis (2-DE).

A glass tube, to which the gel is cast, is used for isoelectric focusing (IEF). A sampleis applied to each tube, and focused for
approximately 15 hours. After the |EF gel is extruded into an equilibration buffer, sodium dodecy! sulphate (SDS) polyacrylamide gel
(slab gel) is used for the second dimension. The |EF gel is sealed using agarose on the top of the slab gel, and is electrophoresed
overnight. Subsequently, 2-DE proteins are visualized by either silver-staining or Comercy Blue staining.

After cutting the gel for extraction of protein, protein molecules are identified using tandem mass spectrometry (MS) or amino acid
sequence analysis and bioinformatics.

B: Proteomic pattern discovery using surfaced enhanced laser desorption/ionization mass spectrometry (SELDI MS).

When the SELDI MS system is used for a diagnostic proteomics approach, samples from healthy donors and disease-affected indi-
viduals are processed using a protein chip modified with a specific chromatographic surface, and proteomic patterns are obtained as
aresult of the affinity to the surface of each protein chip. According to bioinformatics algorithms, the raw data are investigated to
classify into either the healthy, disease, or other groups. This strategy does not rely on the actual identification of the protein mol-
ecules.

C: Protein identification using liquid chromatography-mass spectrometry (LC-MS).

This method relies upon (multidimensional) fractionation and tandem M S for protein-molecule identification. Samples derived from
patients with specific diseases are compared with those derived from matched healthy donors. Attempts are made to discover unique
or highly abundant proteins. Due to quantitative analysis of peptide-signal intensity and statistical analysis, it is possible to detect
statistically significant differencesin signal intensity, and the source protein molecule isidentified using tandem M S analysis, which
is performed sequentially.
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between serums derived from normal donors and cancer
patients. 1419

On the other hand, there are some reports criticizing
proteomic pattern analysisusing SELDI M S as not being
reproducible or reliable enough for practical applica-
tions.*®19 Finally, they concluded that the proteomic pat-
ternsthat enable successful classification are biologicaly
implausible and the methods, properly applied, do not
classify the data accurately. Though commercial labora-
tories planned to market atest in late 2003 or early 2004,
the US FDA in the US delayed starting clinical applica-
tions, because the question has not yet been resolved. We
conclude that identification of a biomarker moleculeis
necessary when using serum biomarkers clinically, even
though combination diagnosis with several kinds of
biomarkersis undertaken.

Proteomic Analysis of Lung Cancer UsingM S

There are few reports concerning proteomic analysis us-
ing MSfor theinvestigation of clinical lung cancer mate-
rials. Yanagisawa et al. investigated proteomic patterns
of non-small cell lung cancer using MALDI-time of flight
MS (MALDI-TOF MS). They reported that class-prediction
models completely classify histology, distinguish primary
tumors from metastatic lesions from other organs to the
lung, and classified noda involvement with 85% accuracy.
Also, they obtained a proteomic pattern comprised of 15
distinct M'S peaks that distinguish between patients with
poor prognosis and good prognosis.®® However, they went
no further than recognizing the proteome pattern. There-
fore, the molecules related to specific events were not
identified in this study.

Tyan investigated pleural effusion fluid derived from
lung adenocarcinoma using two-dimensional liquid chro-
matography (LC) tandem MS, and it was reported that
124 proteins were identified. Based upon previous reports,
it was concluded that 69 proteins among these proteins
originated from plasmaand that another 13 proteinswere
synthesized in the lung. Finally, a protein database con-
cerning human pleural effusion will provide potential
protein diagnostic biomarkers to be examined in further
investigations.?

We also continue to make efforts to explore biomarkers
related to lung cancer using LC-MS. Recently, we estab-
lished a high-throughput comprehensive protein profil-
ing system comprising a fully automated on-line micro-
flow LC/tandem M S system for clinical sample utility. In
this system quantitative evaluation of signal intensity ana-

lyzes statistically significant differences between two
groups, for instance groups of healthy donors and cancer
patients. Furthermore, automatic operation enabled the
completion of asinglerun of entire LC-MS/MS analysis
within 11 hours. Investigation of the data extracted from
the protein identification datasets of both groups could
allow identification of candidate proteins of disease-
specific biomarkers. We applied this high throughput
micro LC-MS/MS protein profiling system to surgically
resected tissues and plasma derived from patients with
primary lung adenocarcinoma, and attempted to identify
the specific protein-molecules showing statistically
significant differencesin protein-expression levels. Firstly,
we applied this protein profiling system to the investigation
of the proteins associated with lymph node metastasis
compared with expression profiles of two groups. One
group consisted of cases without lymph node involve-
ment, and the other group consisted of cases less than 3
cm in the largest dimension with lymph node involve-
ment. The profiles were accumulated for each group us-
ing our originally developed profile alignment program.
The statistical selection was done by Student’st test us-
ing a p-value of less than 0.005 as a cut-off value. The
number of selective data points was 5,889. We have to
note that the number of data pointsis not identical to the
number of proteins. Generally, one protein produces sev-
eral kinds of peptide molecular ions, and each signal is
expected to correspond to asingle LC-M S signal. Among
5,889 significant points, 2,753 associated with protein
identification information were derived from MS/M S data
by the MASCOT™ protein identification software. Fi-
nally, we identified more than 500 protein molecules as
potential biomarkers associated with lymph nodeinvolve-
ment. However, a validation process is needed for clini-
cal application of these results.

We also started a project to mine novel biomarkers for
the early detection of primary lung adenocarcinoma. We
believe that such protein may leak from cancerous tissue
but their concentration may be less than 100 femto mol.
The lower limitation of the detectable rangein LC-MS
system is the same order as the concentration of tissue
leakage proteins. Plasma proteins consist of a large
amount of classical proteins including albumin, globu-
lin, several kinds of complement and fibrinogen, and a
very small amount of tissue leakage proteins and inter-
leukins. We used serum albumin- and Immunoglobulin-
depleted samples in plasma proteome analysis, and suc-
ceeded in identifying more than 100 proteins.22 However,
at present it is difficult to reliably detect a very small
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amount of protein such astissue-leakage proteins derived
from malignant solid tumor. We believe that a multi-
dimensional analysis system is needed before M S analy-
sisfor plasma biomarker discovery, which isthe primary
aimin clinical plasma proteome projects.

Conclusion

Though recent advances in proteomic analysis are con-
spicuous, nevertheless current research has not yet
achieved the final clinical goal of producing specific
biomarkers for the early detection and discovery of new
molecular targets for individualized therapy. The target
moleculesto be detected in proteomic investigations, must
be sufficiently abundant to be clinically useful. It is nec-
essary to further improve our techniques concerning sen-
sitivity and wide dynamic range sufficiently to analyze
human plasma proteins. We believe that the remaining
problems will be resolved within afew years, and that a
fundamental revolution in both early detection and thera-
peutic strategy will occur in the near future.
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