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a b s t r a c t

To develop a non-invasive and sensitive diagnostic test for cancer using peripheral blood, we evaluated
gene expression profiling of blood obtained from patients with cancer of the digestive system and normal
subjects. The expression profiles of blood-derived total RNA obtained from 39 cancer patients (11 colon
cancer, 14 gastric cancer, and 14 pancreatic cancer) was clearly different from those obtained from 15
normal subjects. By comparing the gene expression profiles of cancer patients and normal subjects, 25
cancer-differentiating genes (p < 5.0 � 10�6 and fold differences >3) were identified and an ‘‘expression
index” deduced from the expression values of these genes differentiated the validation cohort (11 colon
cancer, 8 gastric cancer, 18 pancreatic cancer, and 15 normal subjects) into cancer patients and normal
subjects with 100% (37/37) and 87% (13/15) accuracy, respectively. Although, the expression profiles
were not clearly different between the cancer patients, some characteristic genes were identified accord-
ing to the stage and species of the cancer. Interestingly, many immune-related genes such as antigen pre-
senting, cell cycle accelerating, and apoptosis- and stress-inducing genes were up-regulated in cancer
patients, reflecting the active turnover of immune regulatory cells in cancer patients. These results
showed the potential relevance of peripheral blood gene expression profiling for the development of
new diagnostic examination tools for cancer patients.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction

Cancer of the digestive system is one of the most common
forms of cancer worldwide. The early detection of cancer enables
the administration of therapy and the subsequent prolongation
of overall survival; however, the detection of early-stage cancer
is difficult, and patients with general symptoms are likely to have
advanced-stage cancer. Particularly, in pancreatic cancer [1,2],
early diagnosis is extremely difficult despite the development of
modern imaging technology such as ultrasonography or computed
tomography. Even though the recent development of chemother-
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apy combined with molecular target drugs has improved the sur-
vival rate of patients with advanced cancer, the therapeutic
benefit of this treatment is limited [1].

Peripheral blood in patients includes a variety of immune regu-
latory cells such as leukocytes and lymphocytes that are essential
players in the host immune defense system. These cells respond
to various abnormal conditions such as viral infection, metabolic
disease, and cancer [3–12]. We previously reported that the
expression profiles of peripheral blood mononuclear cells (PBMCs)
from patients with hepatocellular carcinoma (HCC) differed signif-
icantly from those of patients without HCC (p < 0.0005) [8]. The re-
sults also suggest that the gene expression profile of blood may be
useful as a clinical surrogate biomarker for HCC assessment.

In this study, we extended our previous findings to the diagno-
sis of cancer of the digestive system, including gastric cancer, colo-
rectal cancer, and pancreatic cancer. We identified clear differences
in the gene expression profiles of cancer patients and normal sub-
jects, suggesting the potential diagnostic relevance of gene expres-
sion signatures from blood samples for cancer of the digestive
system.

http://dx.doi.org/10.1016/j.bbrc.2010.07.123
mailto:skaneko@m-kanazawa.jp
http://dx.doi.org/10.1016/j.bbrc.2010.07.123
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2. Material and methods

2.1. Patients and blood samples

We enrolled 76 patients with cancer of the digestive system,
including 22 patients with colon cancer, 22 patients with gastric
cancer, and 32 patients with pancreatic cancer at the Graduate
School of Medicine, Kanazawa University Hospital and its related
hospitals, Japan from 2008 to 2009 (Table 1). Blood samples were
obtained from patients following their diagnosis with cancer of
the digestive system. The age- and sex-matched control samples
were obtained from 30 healthy volunteers who received health
screening examinations (Table 1). Informed consent was obtained
from all patients, and ethics approval for this study was obtained
from the Ethics Committee for Human Genome/Gene Analysis Re-
search at Kanazawa University Graduate School of Medical Science.
The cancer patients and normal subjects were randomly divided
into the training (n = 54) and validation (n = 52) cohorts according
to their entry number. There were no significant differences in age,
sex, body mass index (BMI), and habits between the cancer pa-
tients and normal subjects (Table 1).

2.2. RNA extraction from blood

Blood samples collected in PAXgene Blood RNA tubes (BD, NJ,
USA) were incubated and stored according to the manufacturer’s
instructions. Total RNA was isolated after thawing the samples at
room temperature using the PAXgene Blood RNA System kit (Qia-
gen, CA, USA) following the manufacturer’s instructions. The qual-
ity of purified RNA was analyzed using an Agilent 2100 Bioanalyzer
(Agilent Technologies, CA, USA). RNA concentration was deter-
mined using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, DE, USA).

2.3. Microarray and data analysis

Cy-3-labeled cRNA was synthesized from 300 ng of total RNA
using the Quick Amp Labeling kit, One-Color (Agilent Technologies,
CA, USA) and purified using an RNeasy column (Qiagen). After
checking the quality of the RNA using an Agilent 2100 Bioanalyzer,
the RNA was hybridized to 4 � 44 K Whole Human Genome Micro-
array (Agilent Technologies, CA, USA). The microarray slide was
incubated in a hybridization oven at 65 �C for 17 h, washed, and
then scanned using a DNA Microarray Scanner, Model G2505B
(Agilent Technologies, CA, USA). All procedures from the labeling
to the scanning were performed according to the manufacturer’s
instructions (Agilent Technologies, CA, USA). The scanned data of
each slide were extracted using Feature Extraction software (Agi-
lent Technologies).

Gene expression analysis was carried out using GeneSpring GX
software (Agilent Technologies). Each measurement was divided
by the 75th percentile of all measurements in that sample at per
chip normalization. Hierarchical clustering was generated using
the Pearson correlation similarity metric and the average or
complete linkage clustering algorithm. Welch’s t-test with Benja-
mini and Hochberg’s false discovery rate were used to identify
the genes that were differentially expressed in the patients of each
category.

2.4. Class prediction analysis and calculation of the expression index

Building and running prediction models were performed using
GeneSpring GX software (Agilent Technologies). Models were gen-
erated for the statistically extracted genes from the training cohort
using a support vector machine (SVM) algorithm.
In addition to the supervised learning methods, we calculated
an ‘‘expression index” that was used for class prediction analysis.
Logistic regression analysis to predict cancer patients and normal
subjects was performed using the individual gene expression val-
ues. The gene expression cut-off values were determined using a
receiver operating characteristic (ROC) curve. If the expression
value of a gene exceeded the cut-off value, the index was scored
as ‘‘1,” and if the expression value of a gene was not beyond the
cut-off value, then the index was scored as ‘‘0.” The total index
was calculated and designated as the ‘‘expression index.” The sen-
sitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the expression index for the prediction
of cancer patients and normal subjects were further evaluated
using the training and variation cohorts.

2.5. Pathway analysis of the expression data

The pathway analysis of the differentially expressed genes was
performed using the MetaCore software suite (GeneGo, MI, USA), a
unique, curated database of human protein–protein and protein–
DNA interactions, transcription factors, and signaling, metabolic,
and bioactive molecules. Differentially expressed genes were ana-
lyzed by GeneGo annotation, and categories of differentially ex-
pressed genes are shown by their frequency; moreover, possible
networks of differentially expressed genes were created according
to the direct interaction relation program of MetaCore.

2.6. Statistical analysis

The Mann–Whitney U-test was used to analyze continuous
variables. Chi-squared and Fisher’s exact tests were used to ana-
lyze categorical data. Multivariate logistic analysis was performed
using a stepwise logistic regression model. A p-value of less than
0.05 was considered significant. Statistical analyses were per-
formed using JMP8 for Windows (SAS Institute, NC, USA).

3. Results

3.1. Clinical characteristic of patients enrolled in this study

The clinical characteristics of the patients enrolled in this study
are shown in Table 1. The training cohort included 39 patients with
cancer of the digestive system (11 colon cancer, 14 gastric cancer,
and 14 pancreatic cancer) and 15 normal subjects. The validation
cohort included 37 patients with cancer of the digestive system
(11 colon cancer, 8 gastric cancer, and 18 pancreatic cancer) and
15 normal subjects. There were no statistical differences in age,
gender, habits, BMI (kg/m2), and blood cell count between the can-
cer patients and the normal subjects in the training and validation
cohorts. The majority of the advanced-stage cancer was observed
in the pancreatic cancer patients in both cohorts. The serum levels
of CA 19-9 were significantly higher in patients with pancreatic
cancer than in those with gastric or colon cancers in the validation
cohort (Table 2).

3.2. Hierarchical clustering analysis

The results from the unsupervised hierarchical cluster analysis
of the training cohort using an average linkage clustering algo-
rithm based on the 23,278 expressed genes are shown in Fig. 1A.
Interestingly, the expression profiles in the blood obtained from
cancer patients and normal subjects were clearly different, except
in one normal subject. There was no clear clustering within the
cancer patients; however, patients with pancreatic cancer or ad-
vanced-stage cancer associated with distant metastasis or vascular



Table 1
Clinical characteristics of patients.

Clinical category Training cohort (n = 54) Validation cohort (n = 52)

Patients with digestive cancer Normal p-value Patients with digestive cancer Normal p-value

Colon Gastric Pancreatic Colon Gastric Pancreatic
(n = 11) (n = 14) (n = 14) (n = 15) (n = 11) (n = 8) (n = 18) (n = 15)

Age 68.8 ± 8.3 66.7 ± 12.7 68.2 ± 8.2 62.4 ± 4.8 N.S. 70.1 ± 9.3 68.9 ± 7.3 66.7 ± 13.8 62.2 ± 5.9 N.S.

Gender
Male 10 7 9 7 N.S. 9 4 10 6 N.S.
Female 1 6 5 8 2 4 8 9

BMI (>25 m2/kg) 19.9 ± 3.2 22.2 ± 3.3 19.5 ± 3.1 22.6 ± 2.2 N.S. 22.5 ± 5.0 24.0 ± 2.4 22.0 ± 4.1 22.5 ± 2.4 N.S.

Clinical stage
0 or I 3 6 0 — C vs. P: 0.002

G vs. P: 0.002
(0–II vs. III–IV)

4 7 0 — C vs. G: 0.009
C vs. P: 0.03
G vs. P: 0.001
(0–II vs. III–IV)

II 2 0 0 — 2 1 3 —
III 3 2 1 — 4 0 3 —
IV 3 6 13 — 1 0 12 —

Laboratory data
WBC (�103) 6.62 ± 2.2 6.72 ± 2.6 6.77 ± 2.5 5.95 ± 1.9 N.S. 6.05 ± 1.7 6.60 ± 1.3 5.64 ± 1.9 5.85 ± 3.0 N.S.
RBC (�106) 393 ± 54 414 ± 50 417 ± 70 441 ± 37 N.S. 415 ± 76 411 ± 65 417 ± 69 451 ± 120 N.S.
Hb (g/dL) 11.1 ± 2.8 12.5 ± 2.8 12.9 ± 2.0 13.5 ± 1.4 N.S. 12.3 ± 3.2 12.1 ± 3.5 12.6 ± 2.3 13.1 ± 0.7 N.S.

Tumor marker
CEA (>5 ng/mL)

Mean ± SD 442 ± 1433 120 ± 450 98 ± 273 2 ± 0.8 N.S. 47 ± 124 10 ± 23 9 ± 15 2 ± 0.8 N.S.
CA 19-9 (>37 U/mL)

Mean ± SD 6011 ± 1988 1169 ± 4263 86,867 ± 257,340 2 ± 1.6 N.S. 47 ± 96 21 ± 30 1714 ± 2473 2.2 ± 1.6 P vs. N: 0.009 P vs. C: 0.02 P vs. G: 0.04

Habits
Alcohol 0 1 1 0 N.S. 1 0 0 0 N.S.
Smoking 0 0 0 0 N.S. 0 1 2 0 N.S.

Alcohol: history of alcohol intake more than 60 g/day; Smoking: history of smoking more than 400 Brinkman index. Data are expressed as mean ± SD. C: colon cancer; G: gastric cancer; P: pancreatic cancer; N.S.: not significant.
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Table 2
Class prediction analysis by supervised learning method based on the support vector machine (SVM).

Clinical category Subgroup Total no. of
classes

No. of cases
misclassified

Mean percent of
correct classification

No. of differentially expressed genes

p < 0.05, fold > 2 p < 5.0 � 10�6, fold > 3

Normal vs. cancer Normal 15 2 (1)* 87 (93)* 1348 25
Cancer 39 1 (0)* 97 (100)*

Age P65 30 — — 0 0
<65 24 — —

Stage 0–II 11 2 82 45 0
III–IV 28 3 89

Colon + gastric vs. pancreatic Gastric + colon 25 2 92 44 0
Pancreatic 14 4 71

Colon vs. gastric Gastric 14 – – 0 0
Colon 11 – –

( )*: no. of cases misclassified and mean percent of correct classification using 25 genes (p < 5.0 � 10�6, fold > 3).
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invasion were likely to be clustered together (Fig. 1A). We per-
formed class prediction analysis using a supervised learning meth-
od based on the SVM algorithm to confirm these findings. Using
the statistical values (p < 0.05) and fold differences (>2) as filtering
criteria, 1348 genes were identified that differentiated cancer pa-
tients from normal subjects (cancer-differentiating genes) (Table
2). Similarly, 45 genes were identified that differentiated patients
with advanced-stage cancer (stages III–IV) from early-stage cancer
(stages 0–II) (stage-differentiating genes) (Supplementary Table 2),
and 44 genes were identified that differentiated patients with gas-
tric or colon cancers from those with pancreatic cancer (GI tract/
pancreas-differentiating genes) (Table 2) (Supplementary Table
3). No significant differences were identified in gene expression be-
tween the patients with different ages (P65 yr and <65 yr), and
between patients with gastric or colon cancers (Table 2). We ob-
served a high prediction capacity for the cancer-differentiating
genes (87–97% accuracy), while the predictive value of stage-
and GI tract/pancreas-differentiating genes was not sufficient
(71–89% accuracy) (Table 2). Hierarchical clustering using more
strict selection criteria (p < 5.0 � 10�6 and fold differences >3)
identified 25 cancer-differentiating genes (Fig. 1B), confirming
the clear differentiation of cancer patients and normal subjects.
Hierarchical clustering using 45 stage- and 44 GI tract/pancreas-
differentiating genes is shown in Fig. 1C. Within the cancer pa-
tients, gastric or colon cancer was differentiated from pancreatic
cancer, and advanced-stage cancer associated with metastasis or
vascular invasion was roughly differentiated from early-stage can-
cer (Fig. 1C).

3.3. Calculation of the expression index

To apply these findings to clinical and practical settings, we cal-
culated the expression index in individual cases. Logistic regres-
sion analysis of cancer patients and normal subjects was
performed using the individual expression values of the 25 can-
cer-differentiating genes. The cut-off value of gene expression
was determined from the ROC curve. The individual distribution
of the expression values of the 25 genes in the training cohort pa-
tients is shown in Supplementary Fig. 1. Eleven genes were up-reg-
ulated in cancer patients, while 14 genes were down-regulated.
We standardized each expression value using the following ap-
proach: if the expression value exceeded the cut-off value, the
expression value was counted ‘‘1,” and if the expression value
was less than the cut-off value, the expression value was counted
as ‘‘0.” The hierarchical clustering of the training cohort patients
using the standardized expression values is shown in Fig. 2; we ob-
served clearer clustering of the cancer patients and normal sub-
jects for these values. For statistical evaluation, a total expression
score was calculated and designated as the ‘‘expression index,”
where high expression index values could indicate patients with
cancer. The cut-off value of the expression index was determined
by an ROC curve, and the sensitivity, specificity, PPV, and NPV of
the expression index are shown in Table 3. The distribution of
the expression index in patients is shown in Fig. 3A. The results
demonstrated the high sensitivity, specificity, PPV, and NPV of
the expression index for predicting cancer patients and normal
subjects in the training and validation cohorts. The predictive val-
ues of the 44 stage- and 45 GI tract/pancreas-differentiating genes
in the training cohort were fair (70–100%); however, they were not
sufficient in the validation cohort (59–84%) (Table 3 and Fig. 3B, C).

3.4. Pathway analysis

To examine which signaling pathways were differentially ex-
pressed in blood from cancer patients, we performed pathway
analysis of the 841 differentially expressed genes (p < 5.0 � 10�5

and fold differences >1.7) using MetaCore software (GeneGo).
Interestingly, many of the immune-related genes, such as antigen
presenting, cell cycle accelerating, and apoptosis- and stress-
inducing genes, were up-regulated in cancer patients, while devel-
opment-related genes, such as tissue remodeling and hedgehog
signaling, were down-regulated (Supplementary Fig. 2). We gener-
ated the possible network processes of the differentially expressed
genes according to the direct interaction algorithm (Supplemen-
tary Fig. 3). Interestingly, many p53 target genes were up-regu-
lated in association with the induction of caspase-3, suggesting
the presence of cell cycle regulation and the induction of apoptosis.
Interestingly, stem cell-related and differentiation genes such as
Oct-3/4 and Oct-1 were down-regulated, suggesting the impaired
differentiation of immune regulatory cells. Therefore, the expres-
sion profile may reflect the active immune reaction and the de-
creased pluripotency or repertoire of immune regulatory cells in
cancer patients.

With regard to the stage-differentiating genes, it is interesting
to note that a larger number of interferon-stimulated genes were
up-regulated in advanced-stage cancer than in early-stage cancer
(Supplementary Table 2). With regard to the GI tract/pancreas-dif-
ferentiating genes, a larger number of G-protein-related genes
were up-regulated in pancreatic cancer patients (Supplementary
Table 3). These differences may reflect the possible interaction be-
tween tumor cells and tumor-infiltrating lymphocytes.

4. Discussion

Detection of cancer of the digestive system using peripheral
blood is an attractive diagnostic method because of its simplicity



Fig. 1. (A) Hierarchical clustering analysis of 54 training cohort samples based on the expression levels of 23,278 genes. (B) Hierarchical clustering analysis of 54 training
cohort samples based on the expression levels of 25 cancer-differentiating genes (p < 5.0 � 10�6 and fold differences >3). (C) Hierarchical clustering analysis of 54 training
cohort samples based on the expression levels of 45 stage- and 44 GI tract/pancreas-differentiating genes (p < 0.05 and fold differences >2).
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Fig. 2. Hierarchical clustering analysis of 54 training cohort samples based on the standardized expression level (0 or 1).

Table 3
Sensitivity, specificity, PPV, and NPV of the expression index.

Prediction category No. of genes Expression index cut-off Training//validation Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC

Cancer (vs. normal) 25 14 Training 100 (39/39) 100 (15/15) 100 (39/39) 100 (15/15) 1
Validation 100 (37/37) 87 (13/15) 95 (37/39) 100 (13/13) 0.99

Stages III–IV (vs. 0–II) 45 18 Training 96 (27/28) 82 (9/11) 93 (27/29) 90 (9/10) 0.94
Validation 80 (16/20) 59 (10/17) 70 (16/23) 71 (10/14) 0.69

Colon + gastric (vs. pancreatic) 44 28 Training 76 (19/25) 100 (14/14) 100 (19/19) 70 (14/20) 0.95
Validation 84 (16/19) 65 (11/17) 73 (16/22) 79 (11/14) 0.78

PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve.
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and non-invasive nature. For the detection of early-stage cancer of
the digestive system, endoscopic examinations of the stomach and
colon or imaging studies, such as abdominal ultrasonography or
computed tomography, should be performed periodically; how-
ever, these examinations are expensive and the patients suffer
from high levels of stress during these examination. Although,
serological tumor markers such as CEA and CA 19-9 have been uti-
lized for the diagnosis of cancer of the digestive system, these tu-
mor markers have a low sensitivity and specificity [13,14].

Peripheral blood in patients includes a variety of immune regu-
latory cells that respond to various abnormal conditions such as
viral infection, metabolic disease, and cancer. Recent emerging
reports including ours [5,6,8] support the possibility that the gene
expression profiling of peripheral blood could be a useful surrogate
biomarker [3,4,7,9–12].

In this study, we evaluated gene expression profiling of blood
obtained from patients with cancer of various digestive system
including gastric cancer, colon cancer and pancreatic cancer that
have not been characterized systematically. To our knowledge, this
is the first report to find a common gene set for the diagnosis of
cancer with the digestive system. The identified gene set could
be useful for the screening of patients with cancer of the digestive
system. The gene expression profiles of peripheral blood from can-
cer patients were clearly different from those in normal subjects
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(Fig. 1A). We identified 1348 cancer-differentiating genes using the
filtering criteria of p < 0.05 and fold differences >2, and 25 more
strictly selected genes using the filtering criteria of p < 5.0 � 10�6

and fold differences >3 in the training cohort. Hierarchical cluster-
ing using the unsupervised learning method clearly differentiated
cancer patients and normal subjects in the validation cohort using
the 25 selected genes (data not shown). The supervised learning
method based on the SVM using the 25 cancer-differentiating
genes predicted the cancer patients in the training cohort with
an accuracy of 93–100% (Table 2) and 77–100% in the validation
cohort (data not shown). Thus, unsupervised and supervised learn-
ing methods successfully identified the cancer patients in the
training and validation cohorts with a high accuracy. Importantly,
there were no obvious differences in the clinical backgrounds of
the cancer patients and normal subjects in the training and valida-
tion cohorts, except for the serum CA 19-9 levels in the pancreatic
cancer patients of the validation cohort (Table 1).

For more practical and clinical usage, we calculated the conven-
tional ‘‘expression index” and utilized it for the prediction of cancer
patients. The expression index was based on the individual expres-
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sion values (see Sections 2 and 3) and the cut-off value was deter-
mined by the ROC curve generated from the logistic regression
analysis. The sensitivity, specificity, PPV (%), and NPV (%) of the
expression index for the 25 cancer-differentiating genes were well
tolerated for the prediction of cancer patients and normal subjects
in the training and validation cohorts (Table 3 and Fig. 3). Multivar-
iate analysis using the expression index, CA 19-9, CEA, age, and sex
in the validation cohort indicated that the expression index was
the only independent variable associated with cancer patients
(p < 0.001, odds = 3.0 � 105/score). Thus, the expression index is
practically useful for the identification of cancer patients with
digestive system.

By using the same strategy, we identified 45 stage-differentiat-
ing genes (Supplementary Table 2) and 44 GI tract/pancreas-differ-
entiating genes (Supplementary Table 3). Although, the predictive
performance of these genes was less efficient, the results suggest
that the expression profiles may be different according to the stage
and species of the cancer.

What causes these differences in the expression profiles of
blood from cancer patients? Previously, we examined the gene
expression profiles of PBMCs obtained from patients with or with-
out HCC and showed that the expression profiles of PBMC from pa-
tients with HCC differed significantly from those of patients
without HCC [8]. Interestingly, the gene expression profiles of the
redox status, cell cycle, and proteasome system, along with immu-
nologic genes were up-regulated in PBMCs from patients with HCC,
suggesting the regulation of anticancer immunity. Importantly,
these genes were also up-regulated in HCC-infiltrating mononu-
clear inflammatory cells, implying that local anticancer immunity
may be reflected in the peripheral gene expression signature. In
this study, it was also found that many immune-related genes,
such as antigen presenting, cell cycle accelerating, and apoptosis-
and stress-inducing genes, were up-regulated in cancer patients,
reflecting the presence of an active immune reaction in cancer pa-
tients. Interestingly, the expression of many differentiation-related
genes such as Oct-3/4 and Oct-1 was down-regulated, suggesting
that the differentiation of immune cells was impaired. These may
represent a characteristic immune feature of cancer and reflect
the impaired immune system of cancer patients. Although, we
did not analyze regional tumor-infiltrating mononuclear inflam-
matory cells in this study, a similar reaction may occur in the local
tumor lesion.

In addition to the cancer-differentiating genes, there could be
characteristic genes that reflect the stage and species of the cancer.
It is interesting to note that more interferon-stimulated genes were
up-regulated in advanced-stage cancers. A recent study reported
that interferon (INF)-a activated dormant hematopoietic stem cells
(HSCs) and sensitize these cells to 5-fluoro-uracil exposure. In con-
trast, HSCs chronically activated by INF-a are functionally compro-
mised. Therefore, the up-regulation of IFN signaling in advanced-
stage cancer reflects the refractory state of the differentiation of
immune regulatory cells. Although, the specificity of these genes
was not sufficient, the detailed diagnosis of cancer of the digestive
system may be possible by generating a decision tree (Supplemen-
tary Fig. 4).

In conclusion, we demonstrated a distinct gene expression pro-
file of blood from cancer patients of the digestive system compared
to healthy individuals, and showed the potential diagnostic values
of these differences for clinical usage. Further studies should be
performed to validate these findings in detail and identify the fun-
damental mechanisms underlying this phenomenon.
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noue, Keiji Minouchi (Toyama City Hospital, Toyama, Toyama); Dr.
Nobuyuki Hirai (Koseiren Takaoka Hospital, Takaoka, Toyama);
Drs. Tatsuho Sugimoto, Koji Adachi (Tonami General Hospital,
Tonami, Toyama); Dr. Yuichi Nakamura (Noto General Hospital,
Nanao, Ishikawa); Drs. Masashi Unoura, Ryuhei Nishino (Public Ha-
kui Hospital, Hakui, Ishikawa); Drs. Hideo Morimoto, Hajime Ohta
(National Hospital Organization Kanazawa Medical Center, Kanaz-
awa, Ishikawa); Dr. Hirokazu Tsuji (Kanazawa Municipal Hospital,
Kanazawa, Ishikawa); Drs. Akira Iwata, Shuichi Terasaki (Kanazawa
Red Cross Hospital, Kanazawa, Ishikawa); Drs. Tokio Wakabayashi,
Yukihiro Shirota (Saiseikai Kanazawa Hospital, Kanazawa, Ishika-
wa); Drs. Takeshi Urabe, Hiroshi Kawai (Public Central Hospital
of Matto Ishikawa, Hakusan, Ishikawa); Dr. Yasutsugu Mizuno
(Nomi Municipal Hospital, Nomi, Ishikawa); Dr. Shoni Kameda
(Komatsu Municipal Hospital, Komatsu, Kanazawa); Drs. Hirotoshi
Miyamori, Uichiro Fuchizaki (Keiju Medical Center, Nanao, Ishika-
wa); Dr. Haruhiko Shyugo (Kanazawa Arimatsu Hospital, Kanaza-
wa, Ishikawa); Dr. Hideki Osaka (Yawata Medical Center,
Komatsu, Ishikawa); Dr. Eiki Matsushita (Kahoku Central Hospital,
Tsubata, Ishikawa); Dr. Yasuhiro Katou (Katou Hospital, Komatsu,
Ishikawa); Drs. Nobuyoshi Tanaka, Kazuo Notsumata (Fukuiken
Saiseikai Hospital, Fukui, Fukui); Dr. Mikio Kumagai (Kumagai
Clinic, Tsuruga, Fukui); Dr. Manabu Yoneshima (Municipal Tsuruga
Hospital, Tsuruga, Fukui).

Appendix B. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bbrc.2010.07.123.
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