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Abstract
AIM: To verifies gene expression profiles for colorectal cancer. 

METHODS: Logistic regression analysis was performed, and odds ratios for each gene were determined between colorectal cancer (CRC) and controls. By pooling 12 public microarray datasets of GSE 4107, 4183, 8671, 9348, 10961, 13067, 13294, 13471, 14333, 15960, 17538, and 18105, which included 519 cases of adenocarcinoma and 88 controls of normal mucosa were used to verify the selective genes from logistic models and estimated its external generality. 
RESULTS:  The logistic regression analysis further resulted in the selection of five genes of significance (i.e., P < 0.05), MDM2, DUSP6, CPEB4, MMD, and EIF2S3, with odds ratios of 2.978, 6.029, 3.776, 0.538, and 0.138, respectively. The five-gene model performed stably for the discrimination between CRC cases and controls in the training set, with accuracies ranging from 73.9% to 87.0%, sensitivity of 95%, and specificity of 95%. In addition, a well performance in the testing set was obtained using the discrimination model, with 84% accuracy, 66% sensitivity, 92% specificity, 89% PPV and 73% NPV. A model of MDM2, DUSP6, CPEB4, MMD, and EIF2S3 was pairwise selected that showed the best results in logistic regression analysis (H-L P = 0.460, R2= 0.853, AUC = 0.978, accuracy = 0.949, specificity = 0.818 and sensitivity = 0.971). Furthermore, we performed the multivariate logistic regression analysis for pooled 12 public microarray data sets as well as the external validation. Models for which expected and observed event rates in subgroups are similar are called well calibrated. A 7-gene model (CPEB4, EIF2S3, MGC20553, MAS4A1, ANXA3, TNFAIP6 and IL2RB) was pairwise selected from genes that showed the best results in logistic regression analysis (H-L P = 1.000, R2 = 0.951, AUC = 0.999, accuracy = 0.968, specificity = 0.966 and sensitivity = 0.994).
CONCLUSION: A novel gene expression profile was associated with CRC and can potentially be applied to blood-based detection assays. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A novel gene expression profile was associated ith colorectal cancer and can potentially be applied to blood-based detection assays. The model of MDM2, DUSP6, CPEB4, MMD, and EIF2S3 was pairwise selected that showed the best results in logistic regression analysis (H-L P = 0.460, R2 = 0.853, AUC = 0.978, accuracy = 0.949, specificity = 0.818 and sensitivity = 0.971).
Chang YT, Yao CT, Chang CW, Chou YC, Su SL, Chou HL, Terng HJ, Huang CS, Shih YW, Lu CY, Chen KH, Lai CH, Jian CE, Lin CH, Chen CT, Wu YS, Lin KS, Wetter T, Chu CM. Gene expression profile of peripheral blood in colorectal cancer. World J Gastroenterol 2014; In press
INTRODUCTION

Colorectal cancer (CRC) is a common cancer worldwide[1]. An estimated 146970 new cases of colon and rectal cancer and 49920 deaths are expected to occur in 2009 in the United States[2]. CRC screening can possibly reduce the incidence of advanced disease and provide better overall, progression-free survival. Conventional CRC screening tests include fecal occult blood testing, flexible sigmoidoscopy, double-contrast barium enema X-ray, and colonoscopy[3]. Although they are commonly used, these tests have limitations, including highly variable sensitivity (i.e., 37% to 80%) and diet-test interactions
 ADDIN EN.CITE 
[4]
. 

The dissemination of malignant cells from a primary neoplasm is the pivotal event in cancer progression. In many clinical cases, tumor cells metastasize before the primary tumor is diagnosed. Individual circulating tumor cells may be the earliest detectable form of metastasis[5]. PCR-based analyses of mRNA from cytokeratins, the carcinoembryonic antigen (CEA), and epidermal growth factor receptor (EGFR) genes in peripheral blood samples from CRC patients have been reported[6]. However, the low sensitivities and specificities for these well-known genes are not considered acceptable for the detection of colorectal cancer. Recently, multiple biomarkers were reported for the detection of colorectal cancer that delivered a better sensitivity or specificity
 ADDIN EN.CITE 
[7-8]
. 
In the present study, expression levels of 28 cancer-associated candidate genes from Quyun et al[9] in the peripheral blood samples from 111 colorectal cancer patients and 227 non-cancer controls were analyzed using quantitative real time-PCR. Genes correlated with CRC were selected, and a discrimination model was constructed using multivariate logistic regression. Sensitivity, specificity, accuracy, positive and negative predictive values, and the AUC of the discrimination model are reported. Meanwhile, from this study (Model 1: 5 genes), Marshall et al[7] (Model 2: 7 genes) and Han et al[8] (Model 3: 5 genes), the 17 selective genes were validated by pooling12 public microarray data sets as well as the external validation.

MATERIALS AND METHODS
Patients, controls, and blood samples

One hundred eleven patients with histologically confirmed colorectal cancer were enrolled (2006–2009) in a prospective investigational protocol, which was approved by the Institutional Review Board at Cheng Hsin Rehabilitation Medical Center (Taipei, Taiwan). CRC patients at different stages were classified according to the TNM system (Table 1). Peripheral blood samples (6–8 mL) were drawn from patients before any therapeutic treatment, including surgery, but after written informed consent was obtained. All blood samples were collected using BD vacutainer CPTTM tubes containing sodium citrate as an anti-coagulant (Becton Dickinson, NJ, United States) and were stored at 4°C.

The healthy controls were 227 volunteers who had come in for a routine health examination and had no evidence of any clinically detectable cancer disease. Each participant gave informed consent for the analysis. The same volume of peripheral blood was collected from controls as from patients. Samples were randomly divided into a training set (n = 162) and a testing set (n = 176). There were no significant differences in age, sex, cancer stage or tumor site between the two sets (Table 1).
RNA isolation and reverse transcription

The mononuclear cell (MNC) fraction was isolated within three hours after blood collection using BD vacutainer CPTTM tubes (Becton Dickinson, NJ, United States), according to the manufacturer’s instructions. Total RNA was then extracted from the MNC fraction using the Super RNApureTM kit (Genesis, Taiwan) according to the manufacturer’s instructions. The average yield of total RNA per milliliter of peripheral blood was 1.6 μg. The mRNA quality was assessed by the electrophoresis of total RNA, followed by staining with ethidium bromide, which showed two clear rRNA bands of 28S and 18S. Using a spectrophotometer, the ratio of the absorbances of each RNA at 260 and 280 nm (A260:A280) was confirmed to be greater than 1.7, which is an indicator of RNA purity[10]. One microgram of total RNA was used for cDNA synthesis with random hexamer primers (Amersham Bioscience, United Kingdom) and SuperscriptTM II reverse transcriptase (Invitrogen, United States).
Quantitative real-time PCR

Real-time PCR was performed using pre-designed, gene-specific amplification primer sets purchased from Advpharma, Inc. (Taiwan), nucleotide probes from Universal ProbeLibraryTM (Roche, Germany) and TaqMan® Master Mix (Roche) on a Roche LightCycler ® 1.5 instrument. The hypoxanthine phosphoribosyltransferase 1 (HPRT1) gene was used as the internal control because its expression accurately reflects the mean expression of multiple commonly used normalization genes
 ADDIN EN.CITE 
[11-12]
. The cycle number for each candidate gene, Ct(test), was normalized against the cycle number of HPRT1, that is, Ct(HK). The calculation is performed as follows: ∆Ct(test) = Ct(HK)-Ct(test). The derived (normalized) value, ∆Ct(test), for each candidate gene is presented as the relative difference as compared to the mRNA expression level of the reference gene[13]. The transcripts of 14 genes were identified as correlated with the incidence of tumor tissues were associated with clinical outcomes in a microarray study
 ADDIN EN.CITE 
[14]
. Two genes with elevated expression in colon cancer patients
 ADDIN EN.CITE 
[15-16]
, A3 adenosine receptor and CCSP-2, were also assayed at the beginning of our study. Since the measurement of a higher cycle number (i.e., Ct greater than 30) generally implies lower amplification efficiency [17], 15 genes were used for further analysis (Table 2) after eliminating genes with low amplification efficiency.
Statistical analysis 

The χ2 test and t-test were performed to characterize sex and age distributions between cases and controls. The transcript levels of candidate genes were tested statistically for differences between the case and control samples, using the t-test. A logistic regression was performed, and odds ratios were determined in order to study the association of candidate genes with CRC. The power of the study was 100% for each candidate gene. The statistical alpha level was 0.05. The Bonferroni adjustment for multiple testing was performed using SISA[18] to control for a family-wise error rate of 0.05, which significant level is considered as 0.05/42 = 0.00114. The p-values in the tables are reported in scientific notation if too many digits were needed for evaluation and to address the issue of multiple testing.
Multivariate logistic regression was used to analyze the relationship of the cases and controls to the ∆Ct(test) values of candidate genes. The logistic probabilities were calculated using the modeling equations from logistic regression analysis. Diagnostic performances were further used to evaluate multivariate logistic models, including sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV). We used the Hosmer-Lemeshow test to check goodness-of-fit. A receiver operating characteristic (ROC) curve analysis was performed to determine the cut-off logistic probabilities and the areas under the ROC curves (AUC), to identify the performance of each candidate gene and combinations of multiple genes. A sensitivity analysis demonstrated the influence on performance of different cut-off logistic probabilities [Logit(P)] in the logistic model. 
Internet Public Microarray Data Sets 

The microarray gene expression data are from searches using “colon cancer” AND “human [organism]” AND “expression profiling by array [dataset type]” as the key words in the GEO database of the National Center for Biotechnology Information (NCBI). The eligible criteria were (1) the examined samples were frozen tissue sections of normal human colorectal mucosa, primary colorectal cancer or hepatic metastases from colorectal cancer; (2) the microarray platform used was limited to single-color, whole genome gene chips from Affymetrix; and (3) the data were presented as gene expression level. The exclusion criteria were (1) data from cultured cell lines or other in vitro assays; (2) datasets without the original gene expression level data files; and (3) those with redundant sub-datasets. A total of 175 GEO series (GSE) datasets were finally excluded, leaving 12 public microarray dataset of GSE 4107, 4183, 8671, 9348, 10961, 13067, 13294, 13471, 14333, 15960, 17538, and 18105, which included 519 cases of adenocarcinoma and 88 controls of normal mucosa.
Furthermore, we validated the 17 CRC-associated genes from the studies (Model 1: 5 genes), Marshall et al[7] (Model 2: 7 genes) and Han et al[8] (Model 3: 5 genes) and performed the multivariate logistic regression analysis using the pooled 12 public microarray data sets as well as the external validation. 
RESULTS
Genes correlated with colorectal cancer

A multivariate analysis based on age, sex and 15 genes was used in a logistic regression model in the training set because the peripheral blood samples were drawn from patients before any therapeutic treatment. Although this full model seemed capable of discriminating between the CRC cases and controls, it may have resulted in overfitting (Table 2). The logistic regression analysis further resulted in the selection of five genes of significance (i.e., P < 0.05), MDM2, DUSP6, CPEB4, MMD, and EIF2S3, with odds ratios of 2.978, 6.029, 3.776, 0.538, and 0.138, respectively. This model was reduced to a panel of five genes in a forward stepwise regression, which statistical powers of the five genes were 1.00 between case and control groups in training and testing sets (Table 3). 
Discrimination of Colorectal Cancer and Non-Cancer Controls using Five Genes 

Five genes, i.e., MDM2, DUSP6, CPEB4, MMD, and EIF2S3, were significantly associated with CRC. A five-gene logistic regression model provided good discriminative performance with 87.0% accuracy, 78.0% sensitivity, 92.0% specificity, 90.7% positive predictive value (PPV), and 80.7% negative predictive value (NPV) in the training set. The five-gene model performed with 94.9% accuracy, 97.1% sensitivity, 81.8% specificity, 96.9% PPV, 82.8% NPV, and an area under the ROC (receiver operating characteristic) curve of 0.978 (0.912–1) in the external validation. Discrimination models can be constructed with one of the five genes selected, based on forward multivariate logistic regression analysis using the training set. AUCs were used to compare the performance of discrimination models for single genes and combinations of two, three, four, or five marker genes. The DUSP6 model (Table 4) displayed the best discrimination ability, with an AUC of 0.804 (95%CI: 0.730–0.879), as compared to other one-gene models (AUC: 0.49–0.69). Distinct increases in the AUC of up to 0.905 (95%CI: 0.849–0.960) resulted from the combination of five genes (Table 4). The five-gene model fulfilled the criteria of good performance for diagnostic tests as well as accuracy (87%), sensitivity (78%), and specificity (92%); in addition, the Hosmer-Lemeshow test was non-significant (P = 0.108). 

The cut-off value of Logit(P) for the five-gene model could also be adjusted to achieve high sensitivity or specificity, i.e., 99%, 95% or 90% (Tables 5 and 6). The five-gene model performed stably for the discrimination between CRC cases and controls in the training set, with accuracies ranging from 73.9% to 87.0%, sensitivity of 95%, and specificity of 95%. In addition, a well performance in the testing set was obtained using the discrimination model, with 84% accuracy, 66% sensitivity, 92% specificity, 89% PPV and 73% NPV (Table 6). 
Pooling 12 microarray studies to verify the 17 selective genes and estimate its external generality.

Furthermore, we performed the multivariate logistic regression analysis for pooled 12 public microarray data sets as well as the external validation to verify the CRC-associated genes from 3 studies (the present one of Chu et al Marshall et al[7] and Han et al[8]). As the Table 7, we validated the 17 CRC-associated genes from this study (Model 1: 5 genes), Marshall et al[7]  (Model 2: 7 genes) and Han et. al. (Model 3: 5 genes) by pooling 12 public microarray dataset of GSE 4107, 4183, 8671, 9348, 10961, 13067, 13294, 13471, 14333, 15960, 17538, and 18105, which included 519 cases of adenocarcinoma and 88 controls of normal mucosa. The goodness-of-fit test of Hosmer-Lemeshow (H-L) showed statistical significance (P = 0.044) for Model 2 of Marshall et al[7] which observed event rates did not match expected event rates in subgroups of the model population. Models for which expected and observed event rates in subgroups are similar are called well calibrated (Model 1, 3 and 4). A 7-gene model (Model 4 with genes CPEB4, EIF2S3, MGC20553, MAS4A1, ANXA3, TNFAIP6 and IL2RB) was pairwise selected from genes of Model 1, 2 and 3 that showed the best results in logistic regression analysis (H-L P = 1.000, R2 = 0.951, AUC = 0.999, accuracy = 0.968, specificity = 0.966 and sensitivity = 0.994). 

DISCUSSION

Common serum tumor markers used in primary care practice have not demonstrated a survival benefit in randomized controlled trials for screening in the general population. Most of them showed elevated levels only in some early-stage or late-stage cancer patients[19]. A recent review of real-time PCR-based assays with single molecular markers, such as CEA, CK19, and CK20, demonstrated low sensitivity, ranging from 4% to 35.9%, 25.9% to 41.9%, and 5.1% to 28.3%, respectively[6]. One study, performed with a newly identified molecular marker known as ProtM 
 ADDIN EN.CITE 
[20]
, also attained unsatisfactory sensitivity.

Circulating cancer cells from any cancer type are capable of disseminating from solid tumor tissues, penetrating and invading blood vessels and circulating in the peripheral blood 
 ADDIN EN.CITE 
[21-22]
. The number of circulating tumor cells has been used to predict the clinical outcome of cancer patients 
 ADDIN EN.CITE 
[23-24]
. On the basis of the presence of circulating tumor cells, we identified five molecular markers, MDM2, DUSP6, CPEB4, MMD, and EIF2S3, which were differentially expressed between peripheral blood samples of CRC patients and healthy controls. The application of multivariate logistic regression analysis resulted in a five-gene discrimination model, which achieved good diagnostic performance and provided stable conditions with accuracies ranging from 73.9% to 87.0%, sensitivity of 95% and specificity of 95%. 

Both mRNAs and proteins in the peripheral blood have been tested for diagnostic use to detect circulating tumor cells of different solid tumors or to determine prognoses of various cancers. We confirmed, in our study, that the AUCs of the discrimination models greatly improved from 0.80 for the model based on a single gene (DUSP6) to 0.91 for the combined model with all five genes. An increasing number of clinical studies show improvements in the sensitivity of cancer detection by assaying transcript levels of multiple genes in patient peripheral blood
 ADDIN EN.CITE 
[7-8, 25]
.

A higher sensitivity or specificity of the discriminatory performance of our five-gene model was achieved by adjusting the cut-off value of Logit(P) (Table 5). This five-gene discrimination model with Logit(P) = 0.0511 had a sensitivity of 95%, a specificity of 63%, and an accuracy of 74%, which is ideal for screening colorectal cancer. However, setting Logit(P) to 0.4747 resulted in specificity of 90%, sensitivity of 80% and an accuracy of 86%, which indicates that our five-gene model is robust and highly accurate for discriminating CRC from healthy or benign conditions. Similar accuracy rates (i.e., 80%-86%) were achieved with Logit(P), ranging from 0.0511 to 0.4747. In the testing set, the five-gene model performed with satisfactory accuracy, sensitivity, and specificity.

Two reports
 ADDIN EN.CITE 
[7-8]
 with similar screening approaches used different gene sets to detect CRC (Table 7). The two gene sets were obtained by direct selection from differentially expressed genes in peripheral blood samples using microarray techniques followed by real-time PCR. The biomarkers they selected may more or less reflect the static and dynamic changes of the immune system in response to cancer. In our study, genes clinically confirmed to be cancer-associated in tumor tissues were chosen for selection and validation in peripheral blood samples. 

The five genes identified here for discrimination between CRC patients and healthy controls might be useful in evaluating the therapeutic responses and prognoses of colorectal cancer patients. They could also be selected as targets for the development of therapies because of their strong association with CRC. MDM2 is a negative regulator of the tumor suppressor protein p53
 ADDIN EN.CITE 
[26]
. Higher MDM2 expression has been reported in a variety of human stromal and epithelial malignancies, including colorectal cancers
 ADDIN EN.CITE 
[26-31]
. DUSP6, which is also known as MAPK phosphatase 3 (MKP3), inactivates MAPK1/ERK2
 ADDIN EN.CITE 
[32-35]
. Elevated DUSP6 transcript levels have been reported as a risk factor for poor prognosis in non-small cell lung cancer patients
 ADDIN EN.CITE 
[14]
 and tamoxifen resistance in breast cancer patients
 ADDIN EN.CITE 
[36]
. In contrast, DUSP6 is a candidate tumor suppressor gene in pancreatic cancer
 ADDIN EN.CITE 
[35]
 and primary human ovarian cancer cells. CPEB4 binds to the cytoplasmic polyadenylation element (CPE) of target mRNAs and controls cytoplasmic polyadenylation and translational activation during development
 ADDIN EN.CITE 
[37-39]
. MMD is an integral membrane protein with seven putative transmembrane segments[40]. Its biological function is still unclear. EIF2S3 is the largest subunit (gamma) of eukaryotic translation initiation factor 2 (EIF2)
 ADDIN EN.CITE 
[41]
 and might be indirectly involved in inhibition of prostate cancer metastasis through N-myc downstream regulated gene 1
 ADDIN EN.CITE 
[42]
. DUSP6, CPEB4, MMD and EIF2S3 were first associated with CRC in this study.
Furthermore, we verified the CRC-associated genes by pooling 12 public microarray data sets that the four logistic models performed similar AUCs without statistically significant difference. In the future, the 7-gene logistic regression model (Model 4: CPEB4, EIF2S3, MGC20553, MAS4A1, ANXA3, TNFAIP6 and IL2RB) showed the best results that can be further verified for more samples. Meanwhile, the causal relations are needed to confirm among the selected genes and CRC. In the future works, the expression signature of these CRC-associated genes should be evaluated for early detection of CRC, with more samples randomly screened from the population; in addition, subjects who eventually receive a diagnosis of CRC should be evaluated as well. Early CRC detection could provide inherent benefits to the patient and could also enable screening for post-operative residual tumor cells and occult metastases, an early indicator of tumor recurrence. Early detection could thus improve survival in patients before symptoms are detectable, during treatment, or during remission.

In conclusion, we found that the expression profile of 7 genes, CPEB4, EIF2S3, ANXA3, TNFAIP6, IL2RB, MGC20553 and MAS4A1, is highly associated with colorectal cancer. Detection of cancer cell-specific biomarkers in the peripheral blood can be an effective screening strategy for CRC. 

COMMENTS

Background

The five genes identified here for discrimination between colorectal cancer (CRC) patients and healthy controls might be useful in evaluating the therapeutic responses and prognoses of colorectal cancer patients. They could also be selected as targets for the development of therapies because of their strong association with CRC. 
Research frontiers

MDM2 is a negative regulator of the tumor suppressor protein p53. Higher MDM2 expression has been reported in a variety of human stromal and epithelial malignancies, including colorectal cancers
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DUSP6, which is also known as MAPK phosphatase 3 (MKP3), inactivates MAPK1/ERK2. Elevated DUSP6 transcript levels have been reported as a risk factor for poor prognosis in non-small cell lung cancer patients and tamoxifen resistance in breast cancer patients. DUSP6 is a candidate tumor suppressor gene in pancreatic cancer and primary human ovarian cancer cells. 
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CPEB4 binds to the cytoplasmic polyadenylation element (CPE) of target mRNAs and controls cytoplasmic polyadenylation and translational activation during development. 
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This paper is very well written and examines the possibility of using a panel of genes as a potential biomarker of CRC. Peripheral leucocyte gene expression was quantified using PCR. The authors used a pooled multivariate analysis to select genes of interest from a list of CRC candidate genes. The authors then compared their own panel of genes from peripheral blood, to microarray data sets from colonic tissue (CRC and control).
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Table 1 Characteristics of the training and testing sets[1,2] n (%)
	
	Training set (n = 162)
	Testing set (n = 176)
	P-value

	
	CRC (n = 55)
	Non-CRC (n = 107)
	P-value
	CRC (n = 56)
	Non-CRC (n = 120)
	P-value
	Cases
	Controls

	Age, yr (S.E.)
	66.47 (1.50)
	68.31 (1.12)
	0.335
	67.38 (1.83)
	69.99 (1.03)
	0.216
	0.704
	0.270

	Gender

Male

Female
	32 (58.2)

23 (41.8)
	58 (54.2)

49 (45.8)
	0.630
	28 (50.0)

28 (50.0)
	73 (60.8)

47 (39.2)
	0.176
	0.387
	0.313

	Stage

I

II

III

IV
	21 (38.2)

10 (18.2)

14 (25.5)

10 (18.2)
	-

-

-

-
	-
	15 (26.8)

9 (16.1)

21 (37.5)

11 (19.6)
	-

-

-

-
	-
	0.447
	-

	Tumor site

Colon

Rectum

Cecum

Colon+Rectum
	28 (50.9)

22 (40.0)

4 (7.3)

1 (1.8)
	-
	-
	30 (53.6)

16 (28.6)

5 (8.9)

5 (8.9)
	-
	-
	0.286
	-


1Data are given as means (SE) or as the number of cases (%); 2P values were estimated using the t-test. CRC: Colorectal cancer.
Table 2 Multivariate analysis of colorectal cancer-related molecular markers and the discrimination model based on age, sex, and 15 genes using the logistic regression model on the training set

	
	
	
	95% CI of OR
	

	
	B
	OR
	Upper
	Lower
	P-value

	Sex
	0.577
	1.780
	7.582
	0.418
	0.435

	Age
	0.028
	1.028
	1.083
	0.976
	0.293

	MCM4
	0.142
	1.152
	4.504
	0.295
	0.838

	ZNF264
	1.450
	4.265
	18.208
	0.999
	0.050

	RNF4
	-0.550
	0.577
	5.146
	0.065
	0.622

	GRB2
	2.009
	7.456
	37.131
	1.497
	0.014

	MDM2
	1.359
	3.892
	15.166
	0.999
	0.050

	STAT2
	-1.178
	0.308
	1.466
	0.065
	0.139

	WEE1
	1.264
	3.540
	14.784
	0.848
	0.083

	DUSP6
	2.465
	11.769
	40.330
	3.435
	1.33E-11

	CPEB4
	2.045
	7.725
	27.695
	2.155
	0.002

	MMD
	-1.067
	0.344
	0.865
	0.137
	0.023

	NF1
	-1.417
	0.243
	1.517
	0.039
	0.130

	IRF4
	0.057
	1.059
	3.350
	0.335
	0.923

	EIF2S3
	-2.105
	0.122
	0.718
	0.021
	0.020

	EXT2
	-1.933
	0.145
	1.235
	0.017
	0.077

	POLDIP2
	-1.294
	0.274
	1.515
	0.050
	0.138


B: Coefficient of logistic regression; OR: Odds ratio; CI: Confidence interval.

Table 3 Mean expression levels, standard error and statistical power of selective genes between case and control groups in training and testing sets
	　
	Training set 
	Testing set

	Selective genes
	Case (n = 55)
	Control (n = 107)
	Power
	Case (n = 56)
	Control (n = 120)
	Power 

	MDM2
	-0.4225 (0.08945)
	-0.8913 (0.04572)
	1
	-0.3270 (0.09063)
	-0.9209 (0.03618)
	1

	DUSP6
	2.5483 (0.13248)
	1.5458 (0.06415)
	1
	2.0335 (0.12041)
	1.7462 (0.06135)
	1

	CPEB4
	1.3413 (0.11016)
	0.3932 (0.09799)
	1
	1.4595 (0.11851)
	0.4014 (0.06980)
	1

	MMD
	2.0567 (0.15441)
	1.3178 (0.09799)
	1
	1.7029 (0.15958)
	1.4320 (0.07806)
	1

	EIF2S3
	3.4489 (0.07883)
	3.6158 (0.05331)
	1
	3.4311 (0.05937)
	3.5620 (0.03815)
	1


Values in cells: Mean expression levels (standard error); -level is 0.05.
Table 4 Discrimination power and receiver operating characteristic analysis of different combinations of colorectal cancer -associated genes in training set

	
	
	
	
	95% CI

	Genes used for models 
	   AUC
	SE
	P-value
	Lower
	Upper

	DUSP6, CPEB4, EIF2S3, MDM2, MMD
	0.905
	0.028
	< 0.001
	0.849
	0.960

	DUSP6, CPEB4, EIF2S3, MDM2
	0.895
	0.030
	< 0.001
	0.838
	0.953

	DUSP6, CPEB4, EIF2S3
	0.882
	0.032
	< 0.001
	0.820
	0.945

	DUSP6, CPEB4
	0.855
	0.032
	< 0.001
	0.791
	0.919

	DUSP6
	0.804
	0.038
	< 0.001
	0.730
	0.879


P-values for AUC were estimated using the Z test. ROC: Receiver operating characteristic; AUC: Area under the ROC curve; SE: Standard Error; CI: Confidence interval.
Table 5 Performance of the statistical model based on the five-gene profile logistic probabilities for the training set
	Logit(P)
	Sensitivity
	Specificity
	PPV
	NPV
	Accuracy

	0.0198
	99.0%
	16.0%
	2.3%
	99.9%
	44.2%

	0.0511
	95.0%
	63.0%
	12.1%
	99.6%
	73.9%

	0.1783
	90.0%
	72.0%
	41.1%
	97.1%
	78.1%

	0.5
	78.0%
	92.0%
	90.7%
	80.7%
	87.0%

	0.4747
	80.0%
	90.0%
	87.8%
	83.3%
	86.6%

	0.6845
	61.0%
	95.0%
	96.4%
	52.9%
	83.5%

	0.9012
	25.0%
	99.0%
	99.6%
	12.6%
	73.9%


Logit(P): Logistic probabilities; PPV: Positive predictive value; NPV: Negative predictive value.

Table 6 Performance of the statistical model on the training and testing sets with Logit(P) = 0.5

	
	Training set
	Testing set
	External validation

	Non-Cancers 
	107
	120
	88

	True negative
	98
	110
	72

	False positive
	9
	10
	16

	Colorectal Cancers
	55
	56
	519

	False negative
	12
	19
	15

	True positive
	43
	37
	504

	Total
	162
	176
	519

	Sensitivity
	78.0%
	66.0%
	97.1%

	Specificity
	92.0%
	92.0%
	81.8%

	PPV
	90.7%
	89.2%
	96.9%

	NPV
	80.7%
	73.0%
	82.8%

	Accuracy
	87.0%
	83.5%
	94.9%


Logit(P): Logistic probabilities; PPV: Positive predictive value; NPV: Negative Predictive value.

Table 7 Logistic regression models for pooled 12 microarray data sets as the external validation of colorectal cancer -associated genes from 3 studies
	
	Model 1
	Model 2
	Model 3
	Model4

	
	B
	S.E.
	P
	B
	S.E.
	P
	B
	S.E.
	P
	B
	S.E.
	P

	5 Selective genes of this study; 
	
	
	
	
	
	
	
	
	
	
	
	

	MDM2
	6.069
	1.461
	< 0.001
	
	
	
	
	
	
	
	
	

	DUSP6
	1.360
	0.235
	< 0.001
	
	
	
	
	
	
	
	
	

	CPEB4
	-3.177
	0.383
	< 0.001
	
	
	
	
	
	
	-4.423
	1.160
	< 0.001

	MMD
	0.335
	0.442
	0.448
	
	
	
	
	
	
	
	
	

	EIF2S3
	1.462
	0.244
	< 0.001
	
	
	
	
	
	
	2.604
	0.856
	0.002

	7 Selective genes of Marshall et. al. 
	
	
	
	
	
	
	
	
	
	
	
	

	ANXA3
	
	
	
	0.559
	0.212
	0.008
	
	
	
	1.566
	0.485
	0.001

	CLEC4D
	
	
	
	46.259
	9.918
	< 0.001
	
	
	
	
	
	

	LMNB1
	
	
	
	1.883
	0.330
	< 0.001
	
	
	
	
	
	

	PRRG4
	
	
	
	-1.284
	0.371
	0.001
	
	
	
	
	
	

	TNFAIP6
	
	
	
	1.787
	0.377
	< 0.001
	
	
	
	2.031
	0.572
	< 0.001

	VNN1
	
	
	
	0.207
	0.159
	0.194
	
	
	
	
	
	

	IL2RB
	
	
	
	0.269
	0.216
	0.213
	
	
	
	1.824
	0.637
	0.004

	5 Selective genes of Han et al
	
	
	
	
	
	
	
	
	
	
	
	

	CDA
	
	
	
	
	
	
	-0.496
	0.090
	< 0.001
	
	
	

	MGC20553
	
	
	
	
	
	
	-1.386
	0.197
	< 0.001
	-1.751
	0.619
	0.005

	BANK1
	
	
	
	
	
	
	0.565
	0.373
	0.129
	
	
	

	BCNP1
	
	
	
	
	
	
	-0.944
	1.148
	0.411
	
	
	

	MAS4A1
	
	
	
	
	
	
	-1.483
	0.457
	0.001
	-1.907
	0.590
	0.001

	Constant
	-32.758
	6.001
	< 0.001
	-124.678
	25.437
	< 0.001
	16.601
	2.995
	< 0.001
	-14.268
	6.968
	0.041

	H-L 
	
	0.460
	
	
	0.044
	
	
	0.194
	
	
	1.000
	

	R2 
	
	0.853
	
	
	0.841
	
	
	0.693
	
	
	0.951
	

	AUC
	
	0.978
	
	
	0.985
	
	
	0.957
	
	
	0.999
	

	Accuracy
	
	0.949
	
	
	0.974
	
	
	0.939
	
	
	0.990
	

	Specificity
	
	0.818
	
	
	0.886
	
	
	0.716
	
	
	0.966
	

	Sensitivity
	
	0.971
	
	
	0.988
	
	
	0.977
	
	
	0.994
	


Model 1: 5 selective genes of this study; Model 2: 7 selective genes of Marshall et al; Model 3: 5 selective genes of Han et al; Model 4: stepwise 7 selective genes from model 1, 2 and 3; B: Logistic regression coifficient beta; SE: Standard error of B; P: P value with statistical significance; H-L: Hosmer and Lemeshow test P value R2: Nagelkerke R Square; AUC: Area under ROC.
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