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Personalized medicine allows the selection of treatments best suited to an individual patient and disease
phenotype. To implement personalized medicine, effective tests predictive of response to treatment or
susceptibility to adverse events are needed, and to develop a personalized medicine test, both high
quality samples and reliable data are required. We review key features of state-of-the-art proteomic
profiling and introduce further analytic developments to build a proteomic toolkit for use in personalized
medicine approaches. The combination of novel analytical approaches in proteomic data generation,
alignment and comparison permit translation of identified biomarkers into practical assays. We further
propose an expanded statistical analysis to understand the sources of variability between individuals
in terms of both protein expression and clinical variables and utilize this understanding in a predictive
test.
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Introduction

A personalized medicine approach uses appropriate bio-
markers to select treatments best suited for an individual
patient and disease phenotype. A multiple biomarker approach
le.g., proteomics) has the advantage over conventional single
biomarkers of combining many different pieces of information.
Here, we review the key leatures of state-of-the-art proteomic
profiling and introduce recent analytic developments to build
a proteomic toolkit for use in personalized medicine, and we
describe how these may be applied in a viable method for
exploiting predictive proteomic fingerprints in the clinic. The
potential of our proteomics toolkit hopefully brings us one step
closer to a practical personalized medicine.

Cancer therapy is moving toward individually selected
treatments, chosen not only according to tumor cell type but
also based on the patient's predicted responsiveness to different
classes of therapy or susceptibility to therapeutic adverse
events. This emerging personalized medicine approach draws
on both genotype and phenotype information, including
protein expression. To implement personalized medicine, we
need to develop effective biomarker tests predictive of response
to treatment or susceptibility to adverse events. The benefits
of personalized medicine are exemplified by considering
interstitial lung disease (ILD) among non-small cell lung cancer
[NSCLC) patients, which is associated with various kinds of
chemotherapy treatment. A personalized medicine approach,
using a simple blood test to predict those NSCLC patients at
risk of developing ILD, would clearly be of great value.

We review current thinking and present some novel devel-
opments in a number of areas that have 1o be integrated 1o
develop and then practically apply such tests in a clinical
setting:

+ The large scale collection of reliable and high quality
phenotypic and clinical data and blood samples.

« Protein analysis in blood.

= Data acquisition, handling, combining and analysis.

« Interpretation and utilization of results in a clinical setting.

Clinical Background

A Motivating Example: Gefitinib (IRESSA) Treatment of
NSCLC. The concepts of proteomics-based personalized medi-
cine discussed In this article are very generally applicable, A
maotivating example that we will refer to in order to illustrate
the potential benefits of personalized medicine is ongoing work
in attempting to develop a simple blood test 1o address the
potential occurrence of ILD in seriously ill NSCLC patients, the
target group for the NSCLC treatment gefitinib.

Gefitinib is a “small molecule” inhibitor of the enzyme
tyrosine kinase of the epidermal growth factor receptor (EGFR)
family, such as erbBI. It is an approved therapy for advanced
NSCLC in many countries and offers important clinical benefits
(tumor shrinkage and improvement in disease-related symp-
toms) for “end-stage” patients. The large phase 111 ISEL (IRESSA
Survival Evaluation in Lung Cancer) trial demonstrated some
Improvement in survival with gefitinib which failed to reach
statistical significance compared with placebo in the overall
population and in patients with adenocarcinoma.! However,
in preplanned subgroup analyses, a significant increase in
survival was shown with gefitinib in patients of Asian ethnicity
and in patients who had never smoked.'

Analysis of the biomarker data from a subset of patients in
the ISEL study suggested that patients with pretreated advanced
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NSCLC who have tumors with a high EGFR gene copy number
(detected by fluorescent in situ hybridization [FISH]) have a
higher likelihood of Increased survival when weated with
gefitinib compared with placebo.? Increased HER2 gene copy
number has also been seen in tumors from patients who are
responsive to gefitinib.” Somatic-activating mutations of EGFR
in tumor tissue have also been associated with increased
gefitinib responsiveness in patients with NSCLC.*7 Such muta-
tions are more commonly found in tumor samples from
patients of Asian origin and non-smokers.*

Following the ISEL subgroup analyses, and the biomarker
evidence, it has become important to clarify which patients
are more suitable for treatment with gefitinib. Analyses for both
somatic-activating mutations and gene copy number require
umor tissue, which Is not always available from the time of
diagnosis; therefore, a blood test may represent a more versatile
option and be of great value to clinicians.

With respect to tolerability, the search for a blood test
that might include both genetic and proteomic biomarkers (o
define patients at risk ol adverse effects from a drug, lor
example interstitial lung disease with gefitinib, is a focus of
research,

Interstitial Lung Disease as a Complication in NSCLC
Patients. ILD is a disease that afllicts the parenchyma or
alveolar region of the lungs." The alveolar septa (the walls of
the alveoli) become thickened with fibrotic tissue. Associated
with drug use, it can present precipitously with acute diffuse
alveolar damage (DAD). The lungs show so-called "ground
glass” shadowing on chest radiology, and patients complain
of severe breathlessness. There are no effective treatments but
patients can be supported by oxygen supplementation, corti-
costeroid therapy, or assisted ventilation. The process of
alveolar damage is however fatal in some patients. ILD is a co-
morbidity in patients with NSCLC.'* ' Both diseases are
associated with clgarette smoking,'” * and ILD is also consid-
ered 1o be associated with various kinds of lung cancer
chemotherapy,® %

In the ISEL study of gefitinib in NSCLC mentioned above,
1LD-type events occurred in 1% of both placebo and gefitinib-
treated patients.! Most 1LD-type events occurred in patients
of Asian origin, where placebo and treated patients had similar
prevalences of respectively 4% and 3%. The rate observed in
the gefitinib-treated arm was in line with earlier safety data
from Japan and a large gefitinib post-marketing surveillance
study in Japan (3322 patients), where the reported rate of ILD-
type events was 5.8%.%

A simple blood test to predict the potential occurrence of
LD in seriously ill NSCLC patients before initiating treatments
would clearly be of great value. This article describes the
personalized medicine approach, which could be used 1o
provide such a test. Consequently, the proteomics objectives
of the preliminary phase of the study we describe were to verify
the protein expression alterations in blood plasma from case
patients (who developed ILDD) and control patients (without
ILD) treated by gefitinib, using a liquid chromatography-mass
spectrometry/mass spectrometry (LC—MS/MS) proteomics
platform.

Data and Sample Collection

To develop a personalized medicine test, it is essential 1o
have access to an adequately sized collection of high quality
tissue samples on which to perform proteomics analysis, with
corresponding reliable diagnostic and clinical data.
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Figure 1. Algorithm for diagnosis of interstitial lung disease (ILD) in non-small cell lung cancer (NSCLC) patients,

As an example, in our work with gefitinib, samples were
taken after obtaining informed consent from a nested case-
control study, ie, a case-control study performed within a
prospective pharmacoepidemiological cohort of several thou-
sand patients with advanced or recurring NSCLC who had
received at least one prior chemotherapy regimen, and who
were to be treated with gefitinib or chemotherapy. The main
objective of this study was to measure the relative risk of ILD
in Japanese patients with NSCLC using gefitinib compared with
conventional therapy, with the associated aims of determining
the incidence rate of ILD in late stage NSCLC patients and the
principal risk factors for this complication.

Central to both the case-control study and the proteomics
analysis was the use of internationally agreed criteria for the
diagnosis of ILD and an algorithm of diagnostic tests (o exclude
alternative diseases.” Principal investigators in the study were
asked 1o assess all patients for possible ILD using the diag-
nostic algorithm (Figure 1). Two case review boards of experts
from oncology, radiology, and pulmonary medicine were set
up to independently establish a consistent final diagnosis of
ILD. In addition, extensive standard clinical and demographic
risk factor data were collected on all registered cases and
controls.

This degree of rigor in establishing accurate phenotypic
diagnosis is critical to develop a robust and reliable personal-

ized medicine test, as inaccuracies at this stage will affect all
subsequent data analyses, The availability of clinical and risk
factor data, and a rigorous epidemiological study design setting
for the collection of proteomics samples Is also of great value
to fine-tune the statistical analysis,

Is Proteomics Ready for Personalized Medicine
Applications?

The Human Proteome Map in Plasma. The impetus to
develop personalized medicine based on blood samples has
encouraged proteomic profiling that identifies individual pro-
teins and multiple “fingerprint” protein patterns. A remaining
limitation has been the lack of integration of the technology
of protein separation with bioinformaties and statistical meth-
ods. Extensive national and international™* collaborations are
being implemented to address some of these needs. An
important component in this development is the Human
Proteome Organization (HUPO; www.HUPO.org), a scientific
consortium that supports various programmes (o map the
proteins expressed in various human tissues, disease states,
ete.”~* One of these is the Plasma Proteome initiative siarted
in 2002, aiming to annotate and catalog the many thousands
of proteins and peptides® 7 of the human plasma proteome.
Recently results from the pilot phase with 35 collaborating
laboratories from 13 countries™ ** and multiple analytical
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groups were made publicly available on the Internet
(www bioinformatics.med.umich.edu/hupo/ ppp; www.ebi.ac.uk/
pride). The combined efforts have generated 15 710 different
MS/MS datasets that were linked 10 the International Protein
Index (IP1) protein IDs, and an integration algorithm applied
to multiple matches of peptide sequences yielded 9504 IPI
proteins identified with one or more peptides" and character-
ized by Gene Ontology, InterPro, Novartis Atlas, and OMIM.
Such advances provide an important platform for transforming
proteomics from a technology to a useful biomarker tool
applicable to personalized medicine.

Protein Analysis in Blood—The Methods. With respect 1o
automated studies, multidin ional ch graphy is the
main technology used for protein analysis in blood. It is
coupled to mass spectrometry either by electrospray ionization
(ESI) for analysis in solution or matrix assisted laser desorption/
ionization (MALDI) in solid phase applications,™43-47 Alter-
natively, ion-trap mass spectrometers are gaining recognition
for high-throughput sequencing *“#** Linking a Fourier trans-
form ion cyclotrone resonance (FTICR) unit to the linear trap
can increase the resolution profoundly,*-% one of several
novel principles for strengthening the assignment of protein
annotations with the most commonly used protein search
engines.**#*"8 For protein annotation, the recent develop-
ment of a human p b 1

reference d comy

these technologies.™ Studies of protein expression in a variety
of biological compartments ranging from sub-cellular to whole
organisms have been undertaken with theseanalyticapproaches -
Some key lindings from the HUPO initiatives that impact on
methodology include:

» For studies using blood samples, plasma rather than serum
is preferred, with ethylenediaminetetraacetic acid (EDTA) as
an anticoagulant.*

» The abundant proteins in plasma should be depleted prior
10 analysis. "

+ Acceptance of prolein annotation, i.e., accepted protein
identities™ should use standard criteria. These include having
two identified peptide sequences from each protein, both with
a statistical significance score high enough to ensure a correct
sequence confirmation when compared with the corresponding
gene sequence entity.™

Despite the advances in methodology, important hurdles to
using proteomics in a personalized medicine context remain.

Protein Expression Analysis in Blood - Some Important
Hurdles. Although protein profiling technology is highly au-
tomated and interfaced with database search engines to relate
peptide sequences to protein identities and function,”™* there
are many practical reasons why determining the relative
abundance of proteins relevant for prediction purposes is
difficult:

= About 90% of proteins are believed to be present only in
low copy numbers, i.e., at medium and low abundance levels.*

» There can be variation both in the quantity and form of
protein expression within normal physiological function.

« Between 300 000 and 3 million human protein species exist
as direct gene products or post-translational modifications.**

« The relative abundance of the post-translational modifica-
tions occurring within the cell is called a Cell-Protein-Index
Number (CPIN).** As an example, if one considers that there
are 30 types of phosphorylation variants of a single phospho-
protein, and a hundred possible fold forms of glycosylation of
a single glycoprotein, the theoretical CPIN varies considerably
depending on the sample complexity.
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+ The dynamic range of prolein expression within cells,
between levels of most and least abundant proteins, is in the
order of 10°—10'7%"*®

« In a typical clinical proteomics study the total cellular
protein material in a sample seldom exceeds 10—20 milligrams,
Therefore, the least abundant proteins would be present at
starting levels not exceeding picograms.

» Recent studies use technology that can identify several
thousand proteins in plasma samples,™ but this still probably
only represents a small fraction of the intermediate and
processed protein forms. This is due to the current limitation
of mass spectrometry not being able 1o ionize all amino acid
sequences and protein modifications with equal efficiency. In
most situations, a limited region of the full length protein is
sequence annotated.

« The detection of differences in protein expression between
groups of interest {e.g., cases and controls) takes place against
a background of high variation between individuals within a
group, within individuals over time and possible analytic run-
to-run variation. Any method used 1o address this hurdle
(which will involve "alignment” for spectral methods) directly
impacts the ability to find good protein biomarkers.

Beyond the hurdles above, the fundamental challenge of
protein biomarkers is to link the relative abundance of single
markers or a fingerprint to clinically important biological
processes based on some direct or indirect cause-effect link*
related to normal or aberrant biological pathways.*# In the
following sections, we present the approach used for the
identification of protein biomarkers potentially associated with
development of ILD in NSCLC patients within the case-control
study used as our motivating example. We build on the
foundations described above and introduce further analytic
developments and ideas relating to proteomic data generation,
assaying and alignment to build a proteomics toolkit that can
be applied today for personalized medicine approaches.

A State of the Art Clinical Biomarker Analysis System

In the previous section, we described several challenges in
proteomic analysis. Here we describe a system and analysis
approaches that we have successfully implemented to address
some of these issues,

The Components of the Analysis System. The analysis
system (Figure 2) uses liquid chromatography-based high-
resolution separation of peptides with an interface to tandem
MS/MS, a technology which has been attracting great attention
as the “shotgun” method of proteome analysis. "5 ™ With this
technology, after depletion of albumin and immunoglobulin
G (IgG), all extracted plasma proteins are digested into their
specific peptide components by proteolytic enzyme treatment.

The generated peptides are subjected 1o capillary reverse-
phase submicro- to micro-flow liquid chromatography (capil-
lary RP uLC), separated by retention times due to their
physicochemical properties, and then detected and sequenced
by a linear ion-trap tandem mass spectrometer™ (LTQ, Thermo
Fisher Scientific, San Jose, CA) interfaced with a spray needle
tip for ESI of peptides.™ A two-dimensional quadrupole ion
trap mass spectrometer’’ |s used, operated in a data-dependent
acquisition mode with operational /n/z range lirnits set at 450—
2000 (Figure 3, graphs A and B). Automatic switching to MS/
MS acquisition mode is made in 1-second scanning cycles,
controlled by the XCalibur software. The actual differences
between annotated peptide fragment peaks shown in Figure
3, graph C, correspond to the amino acid residue mass, i.e.,
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Figure 2. Schematic ill ion of the clinical proteomics screening process.

A) 3-D map of
LC-MS data

C) A product
ion spectrum
from the
precursor ion
in the LC-MS
data

fafs s 0 0 00 i

Relative intensity Relative intensity

=0 i

B) LC-MS g » =l

Base peak . -

proe 2. T =" .

% - ‘,.. W L
LB :_ ' ,.;__:.,'.t.f.'._t_“:f;_,lﬂ';: T
miz
Retention time, min.

Figure 3. Profile of LC—MS data: (a) the three-dimensional view of LC-MS data, (b) the base-peak mass chromatogram, and (c) a
praduct ion spectrum measured for a precursor ion in data-dependent acquisition mode (with MS acquisition operational m/z range
set at 450-2000).
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Figure 4. Overview of the data acquisition and database mining process developed within the gefitinib biomarker study.

identify the correct amino acid sequence, Internal standards
are used for alignment of retention-times.

How the Methodology Overcomes Some of the Hurdles,
The system described above addresses some of the hurdles
noted previously, The digestion of all extracted plasma proteins
Into peptides will reduce the complexity by combining high-
resolution nanoflow chromatographic fractionation with the
separation power of modem mass spectrometry, performing
automated and unattended shotgun sequencing in plasma.*®
Peptides are also more soluble and easier to handle than
intact proteins. In addition, the two-dimensional quadrupole
fon trap mass spectrometer’! operates with a high-volume
quadrupole electric field that makes it highly efficient to wap
ions. The result is high sensitivity, high scanning speed, and
better quantification over a wide dynamic range in com-
parison with the conventional three-dimensional ifon-trap
instruments.

Finding signals against a background of high variation is a
further challenge, and the next section describes some ap-
proaches for addressing these,

Initial Data Handling, Processing, and Analysis

Proteomic data analysis process can be considered as consis-
ting of two components (Figure 4). Quantitative analysis is used
to discover significant differences in peptide signal intensities
by comparing two (or more) sample groups. This process uses
data collected from an entire MS run to quantify the amount
of peptide ions by their respective ion signal intensity. Qualita-
rive analysis is used to identify the amino acid sequence of each
peptide ifon, from the respective product jon spectra. To
maximize their value, the results from the two component
analyses should be considered in combination.

A typical quantitative analysis may consist of several steps:

1. Normalization: To account for differences in the original
sample concentrations. Typically, the total signal intensity is
scaled 1o a constant value for each analyzed sample.

2. Mlignment: Correcting for nonlinear fluctuation in reten-
tion time between different samples. A variety of methodologies
are available for aligning LC—MS data sets. We have found the
i-OPAL algorithm (Patent # WO 2004/090526 Al), which is based
on the single linkage clustering algorithm™ and which makes
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use of internal standard signals, to perform well. Other align-
ment algorithms include xcms.™

3. Peak picking or signal detection: Identifying individual
peptide ions within the data.

4. Identify discriminating peptides: A number of methods
can be used, often in combination. A common approach is to
apply a Student’s r-test and select peptides which are signifi-
cant, i.e., with a p-value less than the chosen cutoff, and which
also show a fold-change or intensity ratio greater than another
criterion, Further developments of this aspect are discussed
in the Principled Statistical Analysis section.

A popular choice for qualitative analysis is the MASCOT MS/
MS lon search program.™ This may be run against a number
of different peptide sequence databases, for example the NCBI
Nr, Refseq, Gene Ontology, HUGO, and Swiss-Prot sequence
databases, The results of the quantitative analysis can then be
combined with the qualitative analysis so that, for example, a
peptide must be both discriminating and have annotation—
i.e., have achieved a high MASCOT score showing confidence
in identification—to be considered a candidate biomarker.

The approaches we have discussed above are focused on
finding potentially discriminating proteins of clinical utility. In
the following section, we describe the next stage in our
thinking, namely how we could rapidly deploy in the clinic a
viable method for exploiting a predictive proteomic fingerprint.

A Proposal for Proteomics in the Clinical Setting: Mass
Spectrometric Biomarker Assays - MSBA

Although today's technology allows for high-throughput
analyses of many proteins rather than a single protein,® the
details of how such multiplexing assays will be adapted for
clinical use have not been well clarified. The Mass Spectro-
metric Blomarker Assay (MSBA) platform described here was
conceived as one example of a rapid and seamless method to
progress from identification of a diagnostic more directly 1o a
clinically useful resi. MSBA requires only a minute sample
amount (5-20 ul) to obtain a read-out from a handful of
quantified protein biomarkers (typically 3—35) and automati-
cally analyzes proteins using liquid-phase separation and
tandem mass spectrometry with simultaneous quantitation and
identification.
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The MSBA builds on a pre-defined Multiplex Biomarker list,
which is stored within the MSBA database, Each marker entity
has the values of masses and the relative retention time index
with tolerance parameters. In running a patient sample, the
predefined biomarker list is scanned to pick up patient sample
signals that match with one of the predefined biomarker signals
by satisfying the tolerance criteria (in general =1 for m/z value
and +2% for relative retention time index). The selected
candidate signals are further confirmed using the product ion
spectrum. That is, the product fon spectrum is represented as
a vector by binning (grouping) the m/z ratio values. Using the
cosine correlation between the sample vectors and the refer-
ence vectors, we can confirm whether the selected candidate
signals are truly assigned as targel biomarkers. (A standard
threshold value of the cosine correlation is 0.8.)

The process steps within the MSBA cycle are outlined in
Figure 5. The calculation of the final multiplex biomarker assay
read-out from all of the individual markers can be performed
by a variety of applications, as discussed in more detail in the
Principled Statistical Modeling Approach section. Figures 6A
and B illustrate one approach, calculating a distance score
which indicates 1o what extent a measured sample is distant
from the case or control template in terms of predefined
multiplex biomarkers.

Scare ot =
ermitrul

e

ents of Mass Spectrometric Biomarker Assays (MSBA).

If the ratio of Sce and Scerw exceeds an MSBA threshold
parameter, then the test sample is predicted to be a patient
susceptible to develop ILD (ILD case); if not, the test sample is
predicted to be a non-susceptible patient (control). We are
currently evaluating the MSBA approach in practice.

A Principled Statistical Modeling Approach

We have described an analytical approach based on pro-
teomic data, with various novel developments. However, ad-
ditional insight is needed to further improve model discrimi-
nation and to broaden the focus from the proteomic data to
the ultimate goal of prediction using combinations of data.
Statistical analysis can be used to provide further refinement
by combining information from the full clinical and laboratory
datasets.

An advantage of a multiple biomarker approach (e.g., pro-
teomics) compared with standard single biomarker develop-
ment is the capability to combine information from many
different entities. An example is illustrated in Figure 7A.
Considering each biomarker alone fails to separate the two
groups of subjects, as there is considerable overlap for bot
biomarkers, Use of two biomarkers in combination completely
separates the fwo groups.

We can also use clinical variables to advantage in the analysis
of the peptide patterns. For example, the efficacy of gefitinib
appears lo be greater in non-smokers, women, patients of Asian
origin, and patients with adenocarcinomas.® Figure 7B il-
lustrates how, instead of two protein biomarkers, the combina-
tion of clinical data (e.g., age) and a proteomic biomarker is
able to separate two groups.

On this basis, we propose using a principled statistical
analysis approach to first explore and understand the data and
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Figure 6. (A) Peptide signal comparison that MSBA (Mass
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corresponding signals. (B) lllustration of the regression model
application of the MSBA where control templates and case
templates are compared to that of the sample template generated
in the analysis process.

then to model it and understand the quality of any models
produced. A first step s to perform exploratory data analysis
[EDA), for example using principal components analysis (PCA),
to understand the major sources of data variation and the
covariation between clinical parameters and protein intensity
measures, The next step is univariate modeling for each protein
marker individually, for example using analysis of covariance
(ANCOVA), and an assessment of the effect of clinical param-
eters across the whole set of protein biomarkers using, for
example, the False Discovery Rate as a tool.” This provides an
understanding ol key clinical variables and sources ol variation
within the data.

The next step is to perform multivariate predictive modeling
using the proteins and clinical variables identified as being
potentially important. There are a number of mathematical
methods described in the literature for performing supervised
classification, for example Support Vector Machines,™ Random
Forests,” PAM,™ all of which have been successfully applied
to high dimensional genomics data.™ It remains an important
unanswered guestion which modeling approach, or combina-
tion of modeling approaches, will generate the most predictive
and robust models for data generated using this technology
within a prospective study of this design.
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Finally, to confirm that we have a practical prediction, the
predictive power of a model must be assessed on a different
set of patients from that used to generate the model. There
are a number of approaches for external validation given a
limited size dataset, for example the sequential approach of
building a model based upon currently available data and
testing on data from new patients when they become available,
or withholding an arbitrary selection of subjects from the
modeling as a test set and testing the model on these subjects.
Internal validation approaches such as cross-validation or
related bootstrapping methods may also be useful o assess
the model selection procedure, but tend (o overestimate the
performance of a specific predictive model in subsequent
external validation.™® The key properties to consider when
selecting an assessment method are 1o ensure that it will
provide both precise and unbiased information regarding the
prediction error rate of the potential model 1o be tested for
clinical use. As well as assessing an overall predictive rate, it is
also useful to separately assess the predictive rate for both the
cases and controls and to consider the relative costs of making
these false predictions within a clinical setting. Finally, the
prevalence of the condition in guestion (here 1LD) is also a
critical factor in estimating what proportion of people predicted
to be at risk are truly at risk, and this should also be bormne in
mind when evaluating a model for potential clinical use. The
recently published FDA concept paper on drug-diagnostic co-
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Figure 7. (A} Hypothetical example of the combined disease-
linkage effect of two protein biomarkers. (Stars signify affected
case individuals, circles non-affected control individuals). (B)
Hypothetical example of the combined disease-linkage effect of
a biomarker and a clinical variable. (Stars signify affected case
individuals, circles non-affected control individuals).
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Figure 8. lllustration of the biginformatics and data processing structure within which MSBA (Mass Spectrometric Biomarker Assays)

data are captured, modified and analyzed.

development discusses many of the issues around validating
predictive biomarkers.*

Finally, it is preferable to be able to assign a biological
rationale 1o the biomarkers. Confidence in the reliability of a
biomarker is greatly enhanced if we can comrectly under-
stand how it relates to the mechanism and progression of the
disease of interest. Figure 8 illustrates a bioinformatics and
data processing structure that we have developed to allow us
10 both conduct interactive exploratory and statistical analyses,
and also Investigate the disease and pathway linkage of
discovered biomarker proteins through direct access to refer-
ence databases.

Future Perspectives

Within this paper we have discussed many of the issues that
need to considered in developing a personalized medicine
approach. A key starting point is that rigorous steps are taken
to ensure accurate diagnosis and the careful gathering of both
clinical and proteomic data to facilitate the search for peptide
patterns.

There are many challenges in performing protein analysis
in blood, but mass spectrometry equipment and methods can
now he used to generate peptide data with high sensitivity, high
scanning speed, and improved quantification. Data handling
and processing techniques for steps such as peak alignment
and the subsequent methodologies for statistical feling and
analysis are now far enough developed to generate high quahly
data and robustly analyze these data with confidence.

We have provided details of the MSBA method that can be
used to easily translate protein intensities into a practical
multiplex assay which can be exploited in the clinic without
the need to develop anti-bodies for ELISA. We have also
described how an expanded statistical analysis can be used to
allow for the individual variance of protein expression to enable
us to focus on the proteomic patterns that are actually related
to [LD. Finally, we have emphasized the importance of validat-

ing the predictive power of a biomarker toal in a way that
reflects the real-life setting of intended clinical use.
Hopefully, this bination of developments aver a range
of different areas brings us one step closer to a practical
personalized medicine.
IRESSA is a trademark of the AstraZeneca group of
companies.
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Alcohol dehydrogenase and aldehyde dehydrogenase are key
enzymes in alcohol metabolism and therefore may be of importance
to colorectal cancer development. The present case—control study
was conducted to determine the influence of ADH2, ADH3 and
ALDH2 poly phi: in Fukuoka, Japan, with 685 incident cases
of histologically confirmed colorectal adenocarcinomas and 778
community controls selected randomly from the study area, Alcohol
use was ascertained by in-person interview. Statistical adjustment
was made for sex, age class, area, and alcohol use. Individuals with
the allele 47Arg of the ADH2 polymorphism (slow metabolizers) had
a statistically significant increase in risk, with an adjusted OR of 1.32
(95% Cl = 1.07-1.63), compared with those having the ADH2*47His/
His genotype. This association was not affected by the level of
alecohol consumption. The ADH3 p P howed no ble
association with the risk of cnloncul cancer on either overall
analysis or stratified analysis with alcohol use. The heterozygous
ALDH2*487Glu/Lys genotype was not associated with an increase
in the risk of colorectal cancer (adjusted OR 0.89, 95% C1= 0.71-1.13)
compared with the ALDH2*487G/w/Glu genotype. Rather unexpectedly,
the homozygous ALDH2*487Lys/lys genotype was related to a
statistically significantly decreased risk of colorectal cancer (adjusted
OR 0.55, 95% Cl=0.33-0.93). It is unlikely that acetaldehyde
metabolism determined by ALDH2 polymorphism contributes to the
risk of colorectal cancer, whereas the role of ADH2 polymorphism
deserves further investigation. (Cancer Sci 2007; 98: 1248-1253)

Alt:;‘ohol consumption has fairly consistently been related to
increased risk of colorectal cancer.” In a pooled analysis
of eight cohort studies in North America and Europe, a
consumption of 245 g of alcohol per day was associated with a
1.4-fold increase in the risk of colorectal cancer.™ A positive
association between alcohol and colon or colorectal cancer has
also been observed in Asian countries,”” with few exceptions.
However, uncertainty remains as to the biological mechanisms
for the association between alcohol use and colorectal cancer.
Ethanol is first oxidized to acetaldehyde by ADH, and
acetaldehyde is further metabolized to acetate by ALDH. Human
ADH exhibits several isoenzymes, and functional polymorphisms
are known for the ADH2 and ADH3 genes."” A polymorphism
in exon 3 of the ADH2 gene, resulting in an arginine to histidine
substitution in codon 47, affects the enzyme activity substantially.
Individuals that are homozygous for the ADH2*47His allele
(previously called ADH2*2) metabolize ethanol 40 times faster
than those homozygous for the ADH2*47Arg allele (previously
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called ADH2*1).""" The enzyme activity of ADH2*47His/
Arg genotype is in the intermediate range between the two
homozygous genotypes.''" The polymorphic site for the ADH3
gene is [le349Val in exon 8. Maximal velocity is 2.5-fold greater
in individuals homozygous for the ADH3*349/le allele (previously
called ADH3* 1) than in those homozygous for the ADH3*349Val
allele (previously called ADH3*2)."" The ADH2*47His allele is
fairly common in Asian populations and rare in Caucasians,
while the ADH3*349Val allele is more frequent in Caucasians
than in Asians."® ALDH?2 is the gene encoding mitochondrial
ALDH, which contributes the majority of acetaldehyde oxidation
in human liver and contains a functional polymorphism of
Glu487Lys, with the variant ALDH2*487Lys (previously called
ALDH2*2) allele resulting in an inactive form. The ALDH2*487Lys
allele is mainly found in Asian populations."'*"*

Several studies have investigated the relation of genetic poly-
morphisms of these alcohol-metabolizing enzymes to colorectal
cancer and adenomas. As regards the ADH2 polymorphism and
colorectal cancer, a moderate increase in the nisk of colorectal
cancer was observed for each of the Arg/His and Arg/Arg geno-
types co Pan:d with the His/His genotype in Japan,"* but not
in Spain."" The ADH3 polymorphism was unrelated to colorectal
cancer in two studies of Caucasians,"*"" but one of these
suggested an effect modification of alcohol consumption,'*
Two studies have examined the relation between ADH3 poly-
morphism and colorectal adenomas in Caucasians, producing
inconsistent results,"*' Although there was no difference in the
distribution of ADH3 genotypes between adenoma cases and
controls in these studies, one showed a moderate increase in the
risk of adenoma in men and women with the ADH3*3491lellle
genotype compared with those with the ADH3*3491le/Val or
ADH3*349Val/Val genotypes when alcohol consumption was
high,""™ whereas the other reported an increased risk of adenoma
associated with the ADH3*349Val allele for men with high
alcohol consumption,''”” Studies regarding the ALDH2 poly-
morphism and colorectal cancer or adenomas have all been done
in Japan."*** An approximately 3-fold increase in the risk of
colorectal cancer has been observed for ALDH2*487Glu/Lys
versus ALDH2*487Gw/Glu among alcoholics.”™ Another study
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suggested a greater increase in the risk of colon cancer, not of
rectal cancer, associated with high alcohol consumption among
individuals with the ALDH2*487Glu/Lys genotype.”" A small
case—control study showed a positive interaction between high
alcohol consumption and the ALDH2*487Glu/Lys genotype,
particularly on the risk of rectal cancer.”” In contrast, the
ALDH?2 polymorphism did not show any measurable association
with either colorectal cancer or adenomas in recent studies.''**"

The present paper examines the relation of the ADH2, ADH3
and ALDH2 polymorphisms to colorectal cancer in a case—control
study in Japan, focusing on effect modification of alcohol
consumption and gene—gene interaction.

Materials and Methods

The Fukuoka Colorectal Cancer Study is a case—control study of
incident cases and community controls, with Fukuoka City and
three adjacent areas as the catchment area. Details have been
reported previously.** Described below are methods relevant o
the present analysis. The study protocol was approved by the
ethical committees of Kyushu University and of all but two of
the participating hospitals. There was no ethical commitiee at
the two hospitals, and the survey was done at these hospitals
with permission from the director of each hospital.

Subjects, Cases comprised a consecutive series of patients
with histologically confirmed incident colorectal adenocarcinomas
who were admitted to two university hospitals or six affiliated
hospitals for surgical treatment during the period from October
2000 to December 2003. Other cligibility criteria included the
following characteristics: age of 20-74 years at the time of
diagnosis, residence in the study area, no prior history of partial
or total removal of the colorectum, familial adenomatous
polyposis or inflammatory bowel disease. Of the total of 1053
eligible cases, 840 cases (80%) participated in the interview, and
685 (65%) gave informed consent to genotyping.

Eligibility criteria for controls were the same as described for
cases except for two items, that is, having no diagnosis of
colorectal cancer and age of 20-74 years at the time of selection.
A rtotal of 1500 persons were selected as control candidates
using two-stage random sampling from among residents living
in 15 small areas. A total of 833 persons participated in the
survey, and 778 gave informed consent to genotyping. Reasons
for exclusion and non-participation were death (n = 7), migration
from the study area (n = 22), undelivered mail (n = 44), mental
incompetence (n = 19), history of partial or total removal of
the colorectum (n = 21), diagnosis of colorectal cancer after the
survey (n=35), no response (n=158), and refusal (n=391).
After exclusion of the first six categories of outcomes (n= 118),
net participation rates were calculated as 60% (833/1382) for
the interview and 56% (778/1382) for genotyping.

Interview. Research nurses interviewed cases and controls in
person regarding physical activity, smoking, alcohol use, and
other factors using a uniform questionnaire. Habitual alcohol
consumption at the time 5 years prior to the onset of disease in
cases or the interview in controls was ascertained, Individuals
reported the average number of days per week that alcohol was
consumed and the average amount of alcohol per day of drinking.
The amount of alcohol was expressed by the conventional unit;
one go (180 mL) of sake, one large bottle (633 mL) of beer, and
half a go (90 mL) of shochu were each expressed as one unit; and
one drink (30 mL) of whisky or brandy and one glass (100 mL) of
wine were each converted to half a unit. The reproducibility of the
questionnaire was tested on 29 control subjects (14 men and 15
women) with an interval of approximately | year, and the reported
alcohol intake was highly reproducible (Spearman’s r=0.82).

ng. A venous blood sample of 5 mL was taken after
the interview. DNA was extracted from the buffy coat using
a commercial kit (QIAGEN GmbH, Hilden, Germany) and
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genotyping was performed using the PCR-RFLP method. The
PCR was performed in a reaction mixture of 10 uL containing
0.5 IU of Taq and 1 pL of template DNA with a concentration of
approximately 50-150 ng/ul.. The ADH2 Arg47His and ADH3
lle349Val genotypes were determined according to the methods
described by Osier eral”™ Primers for the ADH2 Argd7His
genotypes were 5-ATT CTA AAT TGT TTA ATT CAA GAA
g-3’ (sense) and 5-ACT AAC ACA GAA TTA CTG GAC-3’
(antisense). PCR products were digested with 20 TU of Ml for
16 h at 37°C in a mixture of 20 pL, resulting in fragments of
443 bp and 242 bp for the 47His allele and 685 bp for the 47Arg
allele, The ADH3 Ile349Val genotypes were determined using
primers of 5-TTG TTT ATC TGT GAT TTT TTT TGT-3’
(sense) and 5-CGT TAC TGT AGA ATA CAA AGC-3'
(antisense). The PCR product of 378 bp fragments was digested
with 5 IU of Sspl in a reaction mixture of 20 uL for 3 h at 37°C,
resulting in fragments of 274 bp and 104 bp for the 349/e allele
and 378 bp for the 349Val allele. The ALDH2 Glu487Lys
genotypes were determined, as described by Goedde er al.,”
using primers that were 5-CAA ATT ACA GGG TCA ACT
GCT-3 (sense) and 5"-CCA CAC TCA CAG TTT TCT CTT-3’
(antisense). The PCR product was digested with Ksp6321 (10 IU)
or Earl (10 1U) for 12 hat 37°C in a mixture of 20 pL, resulting
in fragments of 112bp for the ALDH2%487Glu allele and
135 bp for the ALDH2*487Lys allele. The digested PCR pro-
ducts were separated using electrophoresis on 3% agarose gels
(NuiSieve GTG, Rockland, ME, USA), and visualized with
ethidium bromide.

Statistical analysis. The association of the genetic polymorphisms
with risk of colorectal cancer was examined using multiple
logistic regression analysis including indicator variables for sex,
5-year age class (the lowest class was <40 years), resident area
(Fukuoka City or adjacent areas), and alcohol intake (0, 0.1-1.9,
or 22.0 units per day) as covariates. Adjusted OR and 95% CI
were obtained from the logistic regression coefficient and the
standard error for the corresponding indicator variable. Statistical
significance for the interaction was tested using the likelihood
ratio test comparing the logistic models with and without
interaction terms for the genotype and alcohol category. Statistical
significance was concluded if the two-sided P-value was less
than 0.05 or if the 95% CI did not include unity. All statistical
analyses were performed using SAS version 8.2 (SAS Institute
Inc., Cary, NC, USA).

Results

The number of men among the 685 cases and 778 controls was
426 (62%) and 490 (63%). respectively. The mean age of the
cases was 60 years (range 27-74), and that of the controls was
59 years (range 22-75). More than half of the cases (61%)
and controls (64%) were residents of Fukuoka City. All of the
distributions of genotypes for the ADH2 Arg47His, ADH3
Ie349Val, and ALDH2 Glud487Lys polymorphisms were in
agreement with the Hardy-Weinberg equilibrium in both cases
and controls. The alcohol-drinking pattern differed strikingly by
ALDH?2 polymorphism and slightly so with respect to the ADH2
polymorphism (Fig. 1). Alcohol use was progressively less
frequent with increasing numbers of the ALDH2*487Lys allele,
and was slightly more frequent with increasing numbers of the
ADH2*47Arg allele. There was no variation in the proportion of
alcohol drinking according to the ADH3 [le349Val polymorphism
(data not shown).

Regarding the ADH2 polymorphism, the 47Arg allele was
slightly more frequent in cases than in controls, and the adjusted
OR for the Arg/His and Arg/Arg genotypes as compared with
the His/His genotype were cach greater than unity, the increase
for the heterozygote being statistically significant (Table 1). The
adjusted OR for those with the ADH2*47Arg allele compared
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Fig. 1. Proportions (%) of alcohol drinkers for
men (gray bar) and women (hatched bar)
according to the ADH2 Arg47His and ALDH2
Glu487Lys polymorphisms in the control group,
Values shown at the top of each bar are
percentages of alcohol drinkers. Trend P-values
were 0.03 in men and 0.35 in women for the
ADH2 polymaorphism, and <0.0001 in both sexes
for the ALDH2 polymorphism. The trend P-value
was based to the Mantel-Haenszel method with
scores of 0, 1, and 2 assigned for the number of
the variant allele.

Table 1. Relation of ADH2, ADH3, and ALDH2 polymorp to colorectal cancer risk
Genotype Cases (n, %) Controls (n, %) Adjusted OR (95% CI)"
ADH2 Arg47His'
His/His (fast) 345 (50.8) 452 (58.1) 1.00 (referent)
ArglHis 294 (43.3) 289 (37.1) 1.32 (1.06-1.64)
ArglArg (slow) 40 (5.9) 37 (4.8) 1.36 (0.84-2.20)
ADH3 lle349Val
lelile (fast) 609 (88.9) 706 (90.9) 1.00 (referent)
Ile/val 74 (10.8) 68 (8.7) 1.29 (0.91-1.83)
ValiVal (slow) 2(0.3) 3 (0.4) 0.77 (0.13-4.70)
ALDH2 Glud87Lys
GlulGlu 400 (58.4) 416 (53.5) 1.00 (referent)
GluiLys 257 (37.5) 309 (39.7) 0.89 (0.71-1.13)
LysiLys (null activity) 28 (4.1) 53 (6.8) 0.55 (0.33-0.93)

'Adjusted for sex, S5-year age class, area, and alcohol use. 'Six cases were excluded because of undetermined genotype. *One control was excluded
because of undetermined genotype. Cl, confidence interval; OR, odds ratio.

with those without was 1.32 (95% CI = 1.07-1.63). There was
no measurable difference in the distribution of ADH3 He349Val
genotypes between cases and controls. The ALDH2*487Lys allele
was less frequent in cases than in controls, and the adjusted OR
of colorectal cancer for the Lys/Lys versus Glu/Glu genotype
was statistically significantly lower than unity. Analysis by sex
showed similar results for men and women. For instance, the
adjusted OR for ADH2*47Arg/His and Arg/Arg genotypes
combined were 1.34 (95% Cl1 = 1.03-1.75) in men and 1.35 (95%
Cl=0.95-1.91) in women. Regarding the ALDH2 polymorphism,
the adjusted OR for the Gli/Lys and Lys/Lys genotypes compared
with the Glu/Glu genotype in men were 0.77 (95% CI = 0.56~
1.05) and 0.44 (95% CI = 0.22-0.91), respectively, while the corre-
sponding values in women were 1.04 (95% CI =0.71-1.53)
and 0.67 (95% CI = 0.31-1.46), respectively,

Table 2 summarizes the results from the analysis regarding
the interaction between alcohol intake and each genetic poly-
morphism. In this analysis, individuals heterozygous for the
ADH2 or ADH3 polymorphism were each combined with those
homozygous for the variant allele. Individuals homozygous
for the vanant allele of ALDH2 (487Lys/Lys) were excluded
because alcohol use was almost null in this group. There was no
appreciable effect modification of each polymorphism on the
relation between alcohol and colorectal cancer. High alcohol
consumption was related to a moderate increase in the OR of
colorectal cancer regardless of the genotype. Adjusted OR for
high alcohol use (22 units/day) versus no use after control for
the ADH2, ADH3, and ALDH2 genotypes each were 1.34 (95%
Cl=0.99-1.82), 1.37 (95% CI=1.01-1.85) and 1.20 (95%
Cl = 0.85-1.69), respectively.

The joint effects of the ADH2 or ADH3 polymorphism in
combination with the ALDH2 polymorphism were examined

1250

among alcohol drinkers (Table 3). Individuals with the ADH2*47His/
His genotype and the ALDH2*487Lys allele showed a statistically
non-significant, small decrease in the OR for colorectal cancer.
No such decrease was noted on analysis of the non-alcohol
drinkers (data not shown). There was no clear interaction between
the ADH3 and ALDH2 polymorphisms on the risk of colorectal
cancer in either non-alcohol drinkers or alcohol drinkers.

Discussion

The present study addressed the relation between genetic
polymorphisms in alcohol metabolism and colorectal cancer.
Individuals with the ADH2*47Arg allele (slow metabolizers)
showed a modest, but statistically significant, increase in the
risk of colorectal cancer. In contrast, individuals homozygous
for the ALDH2 variant allele had a decreased risk of colorectal
cancer. None of the polymorphisms affected the relation between
alcohol and colorectal cancer. Because of the limited variation
in the ADH3 polymorphism, the present study did not provide
useful information regarding the role of ADH3 polymorphism in
colorectal carcinogenesis.

Both ADH2 and ADH3 polymorphisms have been shown to
affect the risk of various alcohol-related conditions, The slow
alcohol metabolism of ADH3 polymorphism has been related to
increased risk of alcoholism and liver cirrhosis, elevated levels
of serum HDL cholesterol, and decreased risk of myocardial
infarction in Westem populations.”™* Studies in Japan have
reported that the slow metabolizers with the ADH2 polymorphism
had an increased risk of alcoholic liver disease,”” and of cerebral
infarction.™” However, it remains uncertain whether these polymor-
phisms affect the risk of alcohol-related cancers. In a meta-analysis
of seven case—control studies, no association between ADH3I
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Table 2. Combined effects of ADH2, ADH3, and ALDH2 polymorphisms with alcohol use on the risk of colorectal cancer

Alcohol Intake (unitiday)

Sendpon <2 22
ADH2 Arg47His
HisiHis No.! 142192 109/167 94/93
OR (95% C1)* 1.00 (referent) 0.97 (0.69-1.37) 1.52 (1.02-2.25)
Arg/His + ArglArg No. 128119 108123 97/84
OR (95% CI) 1.46 (1.04-2.03) 1.30 (0.92-1.85) 1.69 (1.14-2.52)
Interaction P =0.61
ADH3 lie343Val
lietile No. 235281 1997266 175/159
OR (95% CI) 1.00 (referent) 0.98 (0.74-1.28) 1.44 (1.05-1.98)
He/Val + ValiVal No. 37730 22123 1718
OR (95% CI) 1.49 (0.89-2.50) 1.29 (0.70-2.40) 1.27 (0.62-2.57)
Interaction P = 0.49
ALDH2 Glu487Lys*
Glu/Glu No. 98/103 150171 152142
OR (95% CI) 1.00 (referent) 1.04 (0.71-1.53) 1.24 (0.81-1.90)
Glullys No. 147/163 7vm2 39/34
OR (95% CI) 1.02 (0.71-1.48) 0.74 (0.47-1.17) 1.33 (0.74-2.39)

Interaction P =0.30

'One unit of alcohol intake corresponded to 1 go (180 mL) of sake, 0.5 go (90 mL) of shochu, 1 large bottle (633 mL) of beer, 2 drinks (60 mL) of
whiskey, or 2 glasses (200 mL) of wine. ‘Numbers of cases/controls. *Adjusted for sex, 5-year age class, and area. "individuals with 487Lys/Lys
genotype were excluded, because alcohol drinkers were few. Cl, confidence interval; OR, odds ratio.

Table 3. Combined effects of ADH2 or ADH3 polymorphism with the ALDH2 polymorphism on the risk of colorectal cancer in alcohol drinkers

ALDH2 Glu487Lys
ADH2/ADH3
GlulGlu Gluflys
ADH2 Arg47His
HislHis No.' 1531170 50/84
OR (95% CI) 1.00 (referent) 0.70 (0.46-1.07)
Arg/His + ArglArg No. 1481143 57/62
OR (95% C1) 1,12 {0.81-1.55) 1.08 (0.70-1.67)
Interaction P =0.20
ADH3 Ile343Val
Heltle No. 2747283 100135
OR (95% C1) 1.00 (referent) 0.83 (0.60-1.14)
Ifefval + Valival No. 28130 LLUAR]
OR (95% CI) 1.00 (0.58-1.74) 0.98 (0.40-2.38)

Interaction P =076

"Numbers of cases/controls, *Adjusted for sex, S5-year age class, area, and alcohol use low or high intake. Cl, confidence interval; OR, odds ratio.

polymorphism and upper aerodigestive cancers was found, nor
was any interaction between ADH3 polymorphism and alcohol
consumption on the risk of these cancers."*’ A study of Japanese
alcoholics has showed increased risks of oral, laryngeal, and
esophageal cancer for the ADH2*47Arg/Arg genotype,*! while
another study in Japan showed no effect modification of the
ADH?2 polymorphism on the association between alcohol and
esophageal cancer.”™”

A recent Japanese study reported a positive association between
the ADH2 polymorphism and colorectal cancer, showing a
progressive increase in the risk with increasing numbers of
the ADH2*47Arg allele."* No such progressive increase in the
risk was observed in the present study, but the authors’ findings
are compatible with the previous observation in that the risk
was elevated in individuals with the ADH2*47Arg allele. The
authors have no clear explanation for the increased risk of
colorectal cancer associated with the ADH2 polymorphism, but
the consistency in the two independent studies warrants further
investigation regarding the role of the ADH2 polymorphism in
colorectal carcinogenesis.

Yin et al.

The present study showed neither an increased risk of colorectal
cancer associated with the ALDH2*487Lys allele nor interaction
between the ALDH2*487Lys allele and alcohol consumption.
These findings are at odds with results from previous studies of
colorectal cancer,”™*" but are consistent with the recent obser-
vations on colorectal cancer,"” and adenomas.™" The statistically
significant decrease in the risk of colorectal cancer associated
with the ALDH2*487Lys/Lys genotype was rather unexpected
and difficult to interpret. A decrease in the OR associated with
the Lys/Lys genotype was also observed in the analysis confined
to non-drinkers of alcohol (n = 583), although the decrease was
not statistically significant; adjusted OR for the Glw/Glu, Glu/
Lys, and Lys/Lys genotypes were 1.00 (referent), 1.00 (95%
CI=0.68-1.46), and 0.64 (95% CI =0.36-1.14), respectively.
The decreased risk in individuals with the ALDH2487Lys/Lys
genotype may have been due to residual confounding of lifestyle
factors other than alcohol drinking. In the Fukuoka Colorectal
Cancer Study, obesity and physical inactivity were related
to increased risk,”" and there was a protective association
with intake of n-3 polyunsaturated fatty acids.”* With further
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adjustment for these factors as well as for dietary calcium and
fiber using the variables and categories as defined previously,”"
the adjusted OR for the Glu/Lys and Lys/Lys genotypes versus
the Glu/Glu genotype were 090 (95% CI=0.70-1.14) and
0.52 (95% CI = 0.31-0.88), respectively, in the analysis exclud-
ing four cases and two controls with a total calorie intake esti-
mated to be >20 929 kJ/day. While a similar, inverse association
was noted for colorectal adenomas,”" no such association was
seen in another study of colorectal cancer in Japan."'

It is hypothesized that acetaldehyde is accumulated in indi-
viduals who are fast alcohol metabolizers and slow acetaldehyde
metabolizers.” Thus the authors hypothesized that the com-
bination of ADH2*His/His and ALDH2*487Glu/Lys genotype
might be related to an increased risk of colorectal cancer, but the
risk of colorectal cancer was decreased, rather than increased in
alcohol drinkers with such composite genotypes.

This finding on the gene-gene interaction, together with the
above-mentioned findings on the ALDH2 polymorphism, suggests
that acetaldehyde metabolism in the liver is not measurably
linked to colorectal carcinogenesis. Bacterial production of
acetaldehyde in the colon is an alternative mechanism by which
alcohol may enhance colorectal carcinogenesis. Human colonic
contents and isolated colonic microbes are capable of ucing
acetaldehyde when incubated with ethanol in vitro,*** It has
been demonstrated in piglets that high levels of acetaldehyde
were produced in the colon during normal metabolism of
alcohol.”™ ALDH activity is much lower in the colonic mucosa
than in the liver,"** and colonic epithelial cells are exposed to
high concentrations of acetaldehyde in the colonic lumen, It is
hypothesized that low folate status increases the risk of colorectal
cancer by altering DNA methylation and DNA synthesis, %"
Alcohol and acetaldehyde exert adverse effects on folate
metabolism.“*' High alcohol consumption results in inadequate
folate status by decreasing intestinal absorption and increasing
renal excretion, It is known that acetaldehyde rather than alcohol
itself cleaves folate chemically. Ethanol ingestion has resulted
in a substantial increase in the intracolonic concentration of
acetaldehyde and decreased folate levels in the colonic mucosa
in an experimental study of rats,'*"

The present study is probably the largest that has ever been
reported regarding the ADH2 or ALDH2 polymorphism and
colorectal cancer. Among the reported studies are those including
257 colorectal cancer cases and 771 controls," 270 cases and 121
controls,”" and 142 cases and 241 non-cancer controls,™ in Japan.
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Pancreatic cancer accounts for only 3% of all
cancers, but it is the fifth leading cause of
cancer death in both Western countries [1]
and Japan [2]. The prognosis of patients with
this disease is extremely poor with less than
5% of patients alive 5 years after diagnosis.
Of all the treatment modalities for pancreatic
cancer, only resection offers the opportunity
for a cure, However, at the time of diagnosis,
approximately half of the patients already
have metastases and approximately one third
of patients are diagnosed as having locally
advanced disease, whereas only a small
proportion of patients are eligible for surgery.
Most symptoms related to this malignancy
occur only after disease advancement to an
unresectable stages and the carly diagnosis of
pancreatic cancer remains challenging. To
increase the proportion of pancreatic cancer
patients with a chance of a cure, there is an
urgent need to develop an effective screening
system for asymptomatic individuals and to
improve the diagnostic accuracy for
pancreatic cancer in its early stage. Serum is
the most ideal biological specimen for
assessing tumor markers in clinical practice
because of its availability for repeated
collection and reproducible quantification.
Recent advancements in technology and an
increasing  understanding of  molecular
biology have facilitated research programs
into serum markers for pancreatic cancer.

One of the most important roles for serum
markers is as a tool for cancer screening in
asymptomatic  populations.  High-quality
evidence to  justify  population-based
screening are present for only a few specific
malignancies like breast and colorectal
cancers but pancreatic cancer has insufficient
prevalence in the preclinical population and
little availability of adequate modalities for
screening. With an estimated prevalence of
pancreatic cancer in the population of
0.015%, which is comparable to the latest
incidence rate in Japan [3], even a test with
sensitivity and specificity of 95% would yield
350 false-positive individuals for every true-
positive patient. This example indicates that
the screening test needs an almost 100%
specificity for this malignancy.

Accuracy in diagnosis for patients with
symptoms suspicious of pancreatic cancer is
also required for tumor markers in order to
distinguish malignancy from benign or non-
invasive pancreatic disorders. CA 19-9. the
most widely used serum marker for pancreatic
cancer diagnosis, had been reported to have a
sensitivity of 70-90% and a specificity of 70-
98% |4, 5, 6, 7, 8]. Although imaging tests
play the main role in the diagnosis of
pancreatic cancer, serum markers including
CA 19-9 have a considerable predictive value
to assist the differential diagnosis in patients
with abdominal discomfort or jaundice.
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However, currently available serum markers
are inadequately sensitive for detection of
resectable pancreatic cancer. The Pancreatic
Cancer Registry in Japan demonstrated that
only 484% of the patients with small
pancreatic cancer less than 2 cm in diameter
had elevated CA 199 values [9].
Furthermore, CA19-9 values are considered
useless in distinguish neoplasms with high
invasive potential, such as mucinous cystic
tumors and intraductal papillary mucinous
tumors, from those with benign feature [10].
The most commonly accepted uses of serum
tumor markers in clinical practice are for
assessing the prognosis of, and therapeutic
monitoring for pancreatic cancer patients
because tumor marker in these situations are
more valuable than other modalities including
imaging diagnosis. Various studies have
demonstrated that CA 19-9 is one of the most
significant prognostic factors for both patients
with resectable and those with unresectable
disease [11, 12, 13, 14, 15]. Measurement of
tumor markers as a prognostic factor provides
valuable information to assist in the
therapeutic decision making especially for
surgeons, because early recurrence can be
expected in patients with high preoperative
levels of the markers. An elevated tumor
marker value even after resection indicates
the high possibility of remnant disease [16].
The postoperative increase in the value often
anticipates the presentation of recurrence in
imaging studies or of clinical symptoms.
Although the measurement of the tumor size
on CT or MR images is standard for
evaluation in response to non-surgical
reatments such as chemotherapy and
radiotherapy, serial change in tumor markers
assist the evaluation practically because of the
difficulty in accurate measurement of
pancreatic mass with obscure margin in most
patients, and because of high incidence of the
clinically occult progression associated with
this disease [17].

Although CA 19-9 is the most useful serum
marker for pancreatic cancer, it has some
weaknesses. Approximately 10% of the
population with the Lewis negative genotype
is not able to produce CA 19-9 due to the lack

of the enzyme involved in its synthesis, even
if they have advanced pancreatic cancer. The
Lewis gene dosage positively affects CA 19-9
value, whereas the secretor gene dosage
negatively affects it [18]. Patients with small
pancreatic cancer often show false negative in
the CA 19-9 values. Falsely positive CA 19-9
elevation is frequently observed in patients
with benign disease such as chronic
pancreatitis. CA 19-9 elevation is common in
patients with obstructive jaundice regardless
of its malignancy and those with hapatobiliary
and gastrointestinal cancer other than
pancreatic cancer. Various other serum
markers have been developed, although they
have not displaced CA 19-9 due to its
diagnostic accuracy, especially in the early
stage of the disease.

Recent advances in the understanding of the
molecular biology of pancreatic cancer
facilitate research programs to search for
novel markers including tissue-based and
circulating markers. Hundreds of over-
expressed genes in pancreatic cancer tissues
have been identified in investigations using
global gene expression. The protein product
of an overexpressed gene needs several
indispensable characteristics before it can
become a sensitive and specific serum-based
marker for pancreatic cancer: for example, it
should be a secreted protein; it should be
overexpressed in pancreatic cancers, it should
not be expressed in the nonneoplastic
pancreas, and it should have a restricted
pattern of expression in other organs and
tissues [19]. Several protein products of
overexpressed genes including macrophage
inhibitory cytokine-1 (MIC-1), synuclein-
gamma, mesothelin, and ostecopontin have
been investigated as potential markers for
pancreatic cancer, but their efficacy as serum
markers remain undetermined [20, 21, 22].
Detection of aberrantly methylated genes in
serum may be a useful diagnostic strategy for
pancreatic cancer. The hypermethylation of
CpG islands in promoter region is frequently
associated with the silencing of tumor-
suppressor genes such as pl6/CDKN2A, E-
cadherin, and others in cancer cells |23, 24].
These abnormalities have been preliminary
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