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Abstract

Background and Aims: Fecal microRNA (miRNA) identification has been expected a non-

invasive biomarker test for colorectal cancer (CRC) screening. The purpose of this study was

to investigate fecal miRNAs which are altered in colorectal neoplasia. We also aimed to find 

out the combination of fecal miRNAs for improved performance in CRC screening.

Methods: We collected a total of 97 stool samples from 30 patients with CRCs, 35 patients 

with colorectal adenomas, and 32 healthy controls. We investigated the expression of 13

fecal miRNAs (miR-17, -21, -27a, -92, -106a, -145, -155, -181b, -199a, -200c, -221, -494, 

Let-7a) and compared their expression between CRC, colorectal adenoma, and healthy 

control groups. 

Results: In univariate analysis, age, fecal miR-21, -145, -155, -199a, -221, -494 and Let-7a 

showed significant differences between the neoplastic group and healthy control. In logistic 

regression, age (Odds ratio (OR) 21.1, 95% confidence interval (CI) 2.2-151.7, p=0.005), 

miR-221 (OR 4.1, 95% CI 1.1-16.5, p=0.037) and Let-7a (OR 11.7, 95% CI 1.3-103.6, 
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p=0.034) were identified as independent risk factors for colorectal neoplasia. The area under 

the curve (AUC) of age, fecal miR-221, and Let-7a were 0.656 (95% CI, 0.552-0.750), 0.742 

(95% CI, 0.643-0.827) and 0.645 (95% CI, 0.540-0.740) for the neoplastic group, 

respectively. The AUC of the combination of age, fecal miR-221 and Let-7a was higher than 

that of each variable (0.839; 95% CI, 0.749-0.907). The combination of fecal miRNAs and 

age showed high sensitivity (79.4%) and specificity (86.7%) for diagnosis of colorectal 

neoplasia.

Conclusion: Fecal miR-221 and Let-7a may be useful non-invasive biomarkers for CRC 

screening. The combination of these two fecal miRNAs with age can predict the presence of 

CRCs and colorectal adenomas with high confidence.
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Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy in 

males and the second in females worldwide.1-3 The incidence rates of CRC are rapidly 

increasing in many countries of Eastern Asia and Eastern Europe, which have been 

considered low-risk areas for CRC.4,5 These unfavorable trends are thought to be due to 

westernized dietary patterns, obesity, and smoking increases, etc.4-7 However, fortunately, 

the mortality rates of CRC in some developed countries have been decreasing.5 It results

from significant efforts for early detection of CRC as well as improvement of treatment.5,8-10

There are many options for CRC screening. In general, colonoscopy is considered 

the most accurate method for CRC screening. However, because of limited medical 

resources and invasiveness of colonoscopy, the CRC screening mainly using colonoscopy in

the general population has many difficulties in the real world. Fecal occult blood test 

(FOBT), especially fecal immunochemical test (FIT) has been recommended as one of main

CRC screening methods.11-13 FIT showed high sensitivity (81%) for CRC, but its specificity 
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was not satisfactory (28-94%).14,15 Furthermore, FIT showed lower detection rates for 

adenoma, advanced adenoma and advanced neoplasm than those by colonoscopy (0.4% vs. 

4.2%, 0.9% vs. 1.9%, 1.0% vs. 2.0%; p<0.001).16 Multitarget fecal DNA test revealed higher 

sensitivity than FIT for CRC, advanced precancerous lesions, polyps with high-grade 

dysplasia and serrated polyps (92.3% vs. 73.8%, 42.4% vs. 23.8%, 69.2% vs. 46.2% and 

42.4% vs. 5.1%).17 However, this test showed lower specificity than FIT (86.6% VS 94.9%).

Because of these limitations of current CRC screening methods, the development of new 

non-invasive methods by using reliable molecular biomarkers for effective mass screening 

and early diagnosis of CRC has been strongly required.

MicroRNAs (miRNA) are a class of small, non-coding RNAs (18-25 nucleotides) 

which regulate cell process in about 30% of mammalian genes. miRNA-related regulation is 

mediated by imperfect binding to the 3’ untranslated region (UTR) of target messenger 

RNAs, which results in prevention of protein accumulation by transcription repression or by

messenger RNA degradation.18 There have been many studies about the role of miRNAs in 
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the development of various cancers (miR-15a /-16-1 for pituitary adenoma, Let-7a /-155/-17-

92/-106a for lung cancer and miR-21/-155 for breast cancer).19,20 Many previous studies also 

evaluated the role of miRNA in colorectal tumorigenesis. The majority of these studies 

identified miRNA from CRC tissue or blood.21-31 Investigation of tissue miRNAs cannot be 

used as a screening method. Analysis of blood sample can be used as a screening tool but it 

is still invasive. A fecal test is a non-invasive method and can be used as a mass screening 

test. However, there have been only a few studies which investigated the role of fecal 

miRNAs for CRC.22,23,31 Therefore, we aimed to investigate the fecal expression of miRNAs 

which were known to be altered in the CRC tissue and blood sample in patients with 

colorectal neoplasm. We also aimed to provide a CRC screening strategy using fecal 

miRNAs which are altered in patients with colorectal neoplasm. 



４

Materials and Method 

Study population

This study was conducted at a single university hospital from July 2014 to November 2014.

We prospectively enrolled 30 consecutive patients with newly diagnosed CRCs at Asan 

Medical Center during the study period. All CRCs were pathologically confirmed by 

colonoscopic biopsy. We also prospectively enrolled 35 consecutive patients with colorectal 

adenomas who underwent colonoscopic polypectomy at Asan Medical Center during the 

same period. Finally, we enrolled 32 consecutive healthy controls who visited the Health 

Screening and Promotion Center at Asan Medical Center during the study period. All healthy

controls underwent screening colonoscopy and showed no adenoma or CRC. The neoplastic

group was defined as the sum of CRC patients and adenoma patients. Those who had

following conditions were excluded: inflammatory bowel diseases, acute infectious diarrhea 

within one month, history of CRC, and refusal to participate in the present study. Detailed 

medical history was obtained from all enrolled patients and controls by structured
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questionnaire and interview with physicians. All participants provided written informed 

consents. This study was approved by the institutional review board of our institution (No.

2014-0331). 

Stool sample collection 

All participants had free diet without specific limitation of food for at least one week before 

stool collection. They did not use any laxatives or bowel preparation agents for stool 

collection. All stool samples were collected at least two days before colonoscopy and were 

collected from the naturally defecated stool. Stool samples from CRC patients who were 

referred from other hospitals were collected at least two weeks after the previous 

colonoscopy at other hospitals. A 30 ml disposable stool sample container with a screw cap

was used for collection and delivery of stool samples. These stool containers were 

manufactured to maintain aseptic conditions to avoid any biological contamination. Different 

aliquots were immediately stored at 4°C and transferred and stored at -80°C for each 
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subsequent analysis. 

RNA extraction from stool samples

The stool samples were thawed at room temperature. 200 mg (wet weight) of stool sample

was added to 1 ml Trizol LS reagent (Invitrogen, Carlsbad, CA, USA) in a 2 ml RNase-free 

tube. The sample was subsequently homogenized by a vortex mixer with RNase-free pestles 

(USA Scientific, Woodland, CA, USA) to deform completely. 200 ul of chloroform was 

added to the homogenized sample. Total RNA including miRNA was extracted using the 

miRNA Mini Kit (Qiagen, Valencia, CA, USA) as described in the product manual and 

quantified using the NanoDrop 1000 spectrophotometer (NanoDrop Technologies, 

Wilmington, DE, USA). All isolated RNA samples were stored at -80°C until subsequent 

use.

miRNA quantitation by quantitative real-time PCR (qRT-PCR)
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qRT-PCR of each miRNA was carried out with the TaqMan miRNA reverse transcription 

Kit (Applied Biosystems Inc., Foster City, CA, USA). Briefly, the reaction mixture was 

prepared in a final volume of 3 ul containing four ng of total RNA, 0.3 ul of TaqMan 

miRNA reverse transcription primer, 3 nM dNTP (with dTTP), ten units reverse 

transcriptase, 0.6 units RNase inhibitor and 0.3 ul of 10 X RT buffer. The thermal cycling 

conditions were as follows: 16°C for 30 min, 42°C for 30 min, 85°C for 5 min and hold at 

4°C. The RT product was subsequently diluted four-fold by adding 9 ul nuclease-free water.

The PCR reaction mix contains ten μl TaqMan Universal PCR Master Mix with no 

AmpErase Uracil-N-Glycosylase (UNG), 0.5 μl miRNA TaqMan primers, four μl diluted RT 

product and 5.5 μl nuclease free water. Real-time PCR was carried out using the 7500 real-

time PCR system (Applied Biosystems Inc., Foster City, CA, USA). The PCR profile was as 

follows: 95°C for 10 min, 50 cycles of 95°C for 15 sec and 60°C for 1 min. Data collection 

was carried out at the 60°C step. The cycle threshold (Ct) values, which is defined as the 

number of cycles required for the fluorescent signal to cross the threshold in qRT–PCR, were 
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converted to the absolute number of copies/ng RNA based on standard curves obtained from 

dilution series of known input quantities of synthetic target miRNA (Integrated DNA 

Technologies Inc., Coralville, IA, USA). All assays were carried out in a blinded fashion.

We analyzed the expression of 13 fecal miRNAs (miR-17, -21, -27a, -92, -106a, -145, -155, 

-181b, -199a, -200c, -221, -494, Let-7a) which were reported to be altered in CRC tissues 

and/or blood in previous studies.21-31

Fecal immunochemical test

For fecal immunochemical test (FIT), the Eiken OC-Sensor (Eiken Chemical Co. Ltd., 

Tokyo, Japan) was used following the manufacturer’s instructions. Stool samples for FIT by 

the Eiken OC-Sensor were obtained from the stool samples in 30 ml disposable stool sample 

container with a screw cap which was collected for fecal miRNA assay as described above. 

The FIT positivity was defined based on the cut-off value of 100 ng Hemoglobin/g feces in 

this study. 
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Review of medical records and questionnaire survey

All clinical data were collected by review of medical records of patients with adenoma and 

CRC and by the questionnaire survey for healthy controls. Gender, age, anthropometric 

results, family history of CRC, and status of smoking and alcohol were reviewed. In CRC 

patients, location and pathological stage were investigated. In patients with adenoma, 

location, size, the presence of villous component and degree of dysplasia were assessed. 

Advanced adenoma was defined as adenomas with advanced features such as adenoma over 

1 cm in diameter, containing villous component and/or high-grade dysplasia. The advanced

neoplasm was defined as advanced adenoma and CRC.

Statistics

Continuous variables were reported as mean ± standard deviations and categorical variables 

as percentages. Continuous variables were compared by Student’s �-test and ANOVA test. 
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Associations between categorical variables were evaluated by Pearson’s chi-squared test and 

Fisher’s exact test. Receiver operating characteristic (ROC) curves were regenerated based 

on the fecal miRNA levels of CRC patients, adenoma patients and healthy controls. Cut-off 

value of ROC curve of each diagnostic test was determined as the value which maximizes 

the Youden’s index. Combination analysis was calculated by logistic regression (forward 

stepwise). Correlation analyses were shown by Spearman correlation coefficient. P values 

<0.05 were considered statistically significant. All analyses were performed with SPSS 

software version 18.0 (SPSS Inc., Chicago, IL, USA) and MedCalc software version 11 

(MedCalc Software bvba, Belgium).

Results

Baseline characteristics 

A total of 97 participants were enrolled in this study; 30 patients with CRCs, 35 patients with 
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colorectal adenomas, and 32 healthy controls. The mean age of CRC group was higher than 

the other groups (60.7±12 vs.53.5±7.2 vs. 52.4±6.6 years, P < 0.001). Gender ratio, body 

mass index (BMI), family history of CRC and smoking status were not different between

three groups (Table 1). We investigated clinicopathological characteristics of CRC and 

adenoma groups (Table 2). Most CRCs were adenocarcinomas and only two CRCs were 

mucinous adenocarcinomas. All of 28 CRC cases in which microsatellite instability was 

checked showed microsatellite stable state.

Table 1. Baseline characteristics of the study population

Characteristics CRC* group 

(n=30)

Adenoma group

(n=35)

Healthy control 

(n=32)

P value

Age, yr (range) 60.7 ± 12.0 (33-84) 53.5±7.2 (36-67) 52.4±6.6 (36-67) <0.001

Gender, male (%) 19 (63.3) 30 (85.7) 21 (65.6) 0.080

Body mass index, 

kg/m2 (range)

24.1±4.1

(18.8-39.2)

23.4±2.5

(19-28.9)

23.4±2.7

(16.5-28.9)

0.151

Family history of 

CRC (%)

6 (20.0) 5 (14.3) 0 (0) 0.151
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Alcohol (%) 14 (46.7) 27 (77.1) 26 (81.3) 0.006

Smoking (%) 13 (43.3) 19 (54.3) 17 (53.1) 0.153

Values are mean ± standard deviation or number (%); CRC*, colorectal cancer.

Table 2. The characteristics of the CRC group and adenoma group

CRC group (n=30)

Size (mm) 46.2±20.4 (range; 6-97)

Location Rectosigmoid (RS)=22 Proximal to RS = 8

TNM staging I II III IV

3 8 15 4

Tissue genetic 

markers

MSI status (n=28)*

(MLH1, MSH2) 

EGFR (n=3)* K-ras (n=2)*

All positive (MSS) All positive All negative

Adenoma group (n=35) (Total polyp number =64)

Size (mm) 5.14±4.2 (range; 2-20)

Number 1.77±1.1 (range; 1-5)

Location Rectosigmoid (RS)=22 Proximal to RS = 13

Advanced 

adenoma (n)

>10 mm Villous component High-grade dysplasia

3 0 2

Paris endoscopic 

classification 

Is Isp Ip II

43 12 2 7

Values are expressed as mean ± standard deviation, MLH1; mutL homolog 1, MSH2; mutS homolog 

2, EGFR; epidermal growth factor receptor, MSS; microsatellite stable status, Advanced adenoma;

adenoma over 1 cm in diameter, containing villous component and/or high-grade dysplasia

* Checked in 28, 3, and 2 patients, respectively.

Fecal miRNA expression 

Of 13 fecal miRNAs we investigated, miR-17, -92,-106a, 145, -221 and Let-7a showed 
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significantly different fecal expression among 3 groups (Table 3, Figure 1).

In comparison of fecal miRNA expression between the neoplastic group and healthy control, 

seven miRNAs (miR-21, -145, -155, -199a, -221, -494 and Let-7a) showed significantly

different fecal expression (Table 4).

Table 3. Difference in fecal miRNA expression between CRC patients, adenoma

patients, and healthy controls

Fecal miRNA

(cp/ng)

CRC group 

(n=30)

Adenoma group

(n=35)

Healthy control

(n=32)

P value

miR-17 4929.9±7233.2 1800.6±1714.8 1615.8±2831.2 0.006

miR-21 254433.1±2.7x105 199083±2.0x105 118727.5±1.9x105 0.063

miR-27a 53302.2±1.5x105 15943.1±14883.4 9465.6±10119.2 0.132

miR 92 5107.4±9950.5 1183.9±1134.7 1503.5±5245.4 0.029

miR 106a 11816.5±15497.3 4644.1±4049.3 4010.8±8042.3 0.005

miR 145 9264.9±6479.4 10946.5±5971.6 7596.6±1929 0.038

miR 155 88445.2±64822.3 92743.7±1.2x105 55921±62358 0.188
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miR 181b 27786.6±25931.2 30175.8±43720.6 17052.2±21591.5 0.234

miR 199a 990.0±1385.8 2282.6±4508.3 644.1±929.1 0.057

miR 200c 1.2x105±1.6x106 1.2x106±1.3x106 750340±1.3x106 0.355

miR 221 456.9±671.9 210.5±227.1 89.2±97.9 0.002

miR 494 1065.2±764.7 1269.4±1102 901.6±558.6 0.230

Let-7a 303287.9±3.8x105 253323.2±2.1x105 130309.7±98594.9 0.027

Values are expressed as mean ± standard deviation. CRC, colorectal cancer

Figure 1. Different expression of 6 fecal miRNAs between CRC, adenoma and healthy

controls 
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Table 4. Difference in fecal miRNA expression between the neoplastic group and 

healthy controls

Fecal miRNA

(cp/ng)

Neoplastic group

(n=65)

Healthy group

(n=32)

P value

miR 17 3218.5±5225.5 1615.8±2831.2 0.084

miR 21 224629.2±2.4x105 118727.5±1.9x105 0.037
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miR 27a
33185.8±1.0x105 9465.6±10119.2 0.215

miR 92
2994.7±7030.9 1503.5±5245.4 0.365

miR 106a
7883.2±11319.1 4010.8±8042.3 0.149

miR 145
10170.4±6219.4 7596.6±1929 0.030

miR 155
90795±95730 55921±62358 0.046

miR 181b
29073.1±36354 17052.2±21591.5 0.112

miR 199a
1696.9±3498 644.1±929.1 0.010

miR 200c
1.2x105±1.4x106 750340±1.3x106 0.140

miR 221
326±500.2 89.2±97.9 0.005

miR 494
1175.4±959.7 901.6±558.6 0.016

Let-7a 276383.8±3.0x105 130309.7±98594.9 <0.001

Values are expressed as mean ± standard deviation.

Fecal immunochemical test (FIT)

FIT was positive in 73.3% (22/30) of CRC group, in 0% (0/35) of adenoma group, and 3.1%

(1/32) of the healthy control. FIT positivity was significantly higher in the neoplastic group 

than in the healthy control (22/65, 33.8% vs. 1/32, 3.1%; P=0.001). The sensitivity and 
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specificity of FIT for diagnosis of colorectal neoplasm was 34.9% and 96.9%.The AUC of 

FIT was 0.659 (95% CI 0.551-0.767).

Independent risk factors for the presence of colorectal neoplasia

In the linear regression analysis for significant risk factors of colorectal neoplasia, the age, 

miR-221, and Let-7a showed independent significance (Table 5). When analyzed together 

with fecal miR-221 and Let-7a, FIT did not show statistically independent significance

(P=0.143).

We performed the ROC curve analyses for these risk factors. The AUC of age was 0.656 (95% 

CI 0.552-0.750). The sensitivity and specificity of > 61 years of age for colorectal neoplasia 

were 34.4% and 96.9%. The AUC of miR-221 was 0.742 (95% CI 0.643-0.827). The

sensitivity and specificity of fecal miR-221 > 156.2 cp/ng were 56.2% and 87.1%. The AUC 

of Let-7a was 0.645 (95% CI 0.540-0.740).The sensitivity and specificity of Let-7a > 

264434.5 cp/ng were 36.9% and 96.8% (Figure 2).
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Table 5. Multivariate analysis of independent risk factors for presence of colorectal 

neoplasia*

Variables Odds ratio [95% CI†] P value

Age 21.1 2.2-151.7 0.005

miR-221‡ 4.1 1.1-16.5 0.037

Let-7a 11.7 1.3-103.6 0.034

*Colorectal neoplasia means colorectal adenoma plus colorectal cancer.

†CI, confidence interval; ‡miR, microRNA

Figure 2. ROC curves of independent risk factors for colorectal neoplasia

(A) AUC of age was 0.656 (95% CI 0.552-0.750). (B) AUC of fecal miR-221 was 0.742 (95% 

CI 0.643-0.827). (C) AUC of Let-7a was 0.645 (95% CI 0.540-0.740). AUC, area under the 

ROC curve
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Combination of risk factors for improved screening of colorectal neoplasia

Combination of fecal miR-221 > 156.2 cp/ng , Let-7 a > 264434.5 cp/ng and age over 61

years showed higher sensitivity (79.4%) and specificity (86.7%) than those of each variable.

The AUC of the combination of age, fecal miR-221 and fecal Let-7a was 0.839 (95% CI 

0.749-0.907), which was higher than the AUC of each variable. The AUC of this 

combination was also higher than the AUC of FIT (AUC 0.659, 95% CI 0.551-0.767) (P 

<0.001) (Figure 3).

The AUC of combination of fecal miR-221, Let-7a and FIT was 0.807 (95% CI 0.714-0.901). 

The AUC of combined fecal miR-221 and Let-7a was 0.757 (95% CI 0.659-0.856). All these 
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combinations showed higher screening performance than FIT alone (Figure 3). 

Figure 3. The ROC curves of FIT, the combinations of fecal miR-221, Let-7a, age for 

differentiation between the neoplastic group and healthy control

Fecal miRNA expression according to stages and locations of CRC in the CRC group

In the CRC group, the level of fecal miR-221 and Let-7a did not show any significant 

differences according to TNM stages and CRC locations (Table 6). There were no significant 

differences in the level of fecal miR-221 and Let-7a between metastatic CRC patients and 

non-metastatic patients (187.0±108.8 cp/ng vs 498.4±713.3 cp/ng, P=0.208; 
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264760.4±1.6x105 cp/ng vs 309215.2±4.1x105 cp/ng, P=0.285).

Table 6. Fecal miRNA expression according to TNM stages and location of CRC

Fecal miRNA

(cp/ng)

TNM stage I & II 

(n=11)

TNM stage III & IV 

(n=19)

P-value

miR-221 471.9±547.4 448.3±748. 8 0.922

Let-7a 342249.1±4.2x105 280731.4±3.7x105 0.678

Rectum – sigmoid colon 

(n=22)

Descending colon –

cecum (n=8)

miR-221 516.1±751. 3 294.1±367.9 0.433

Let-7a 310896.7±3.6x105 282363.7±4.6x105 0.860

Values are a mean ± standard deviation.

Fecal miRNA expression according to the number, location, and advanced features of

adenoma in the colorectal adenoma group

Fecal miR-221 expression showed weak positive linear correlation with the number of 

colorectal adenomas (Spearman correlation coefficient, r=0.030). However, fecal Let-7a 

showed negligible linear correlation (r=-0.086) (Figure 4).

Fecal miRNA expression was not different according to locations of colorectal adenomas 

(Table 6). Fecal miRNA expression was not different between advanced adenoma group and 

non-advanced adenoma (Table 7). 
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Fig. 4 Correlation of fecal miRNA expression and the number of adenomas in the 

adenoma group

Table 7. Fecal miRNA expression according to the location and advancement of

adenomas. 

Fecal miRNA Rectosigmoid(RS) (n=18) Proximal to RS (n=17) P-value



２４

miR 221 228.9±275.2 189.9±163.6 0.092

Let-7a 272701.2±2.5x105 232805±2.8x105 0.066

Advanced adenoma (AA) (n=4) Non AA(n=31)

miR 221 279.4±158.5 201.4±235.3 0.427

Let-7a 298400.6±2.1x105 247506.7±2.2x105 0.669

Values are expressed as mean ± standard deviation,

Discussion 

In the present study, we showed increased expression of fecal miR-221 and Let-7a in 

patients with colorectal neoplasia including adenoma and colorectal cancer. The sensitivity 

of combined use of fecal miR-221 > 156.2 cp/ng, Let-7a > 264434.5 cp/ng, and age > 61 was 

79.4% for the screening of colorectal neoplasia, which was higher than 34.9% by FIT. Based 

on these findings, we suggest that fecal miR-221 and Let-7a can be used as new fecal 

screening biomarkers for CRC. 

Although there are multiple options for CRC screening such as FOBT, stool DNA test, CT

colonography, and colonoscopy, need for new modalities still exists because current CRC 

screening tests do not satisfy all the features required for ideal CRC screening. For mass 

screening for CRC, the screening test has to fulfill the good accuracy, less invasiveness, 

appropriate test interval, and low cost. Annual and/or biennial FOBT, especially, FIT is less 

expensive, less invasive, and convenient. In addition, FIT has high sensitivity (50-87%) and 

specificity (92- 95%) for CRC.32,33 However, the sensitivity of FIT for colorectal adenoma is 

unsatisfactory and the sensitivity for adenomas over 10 mm in diameter was under 50%,

which implies limited usefulness in the purpose of early detection of colorectal neoplasm.32

Stool DNA test combined with FIT has been recently approved by the Food and Drug 

Administration for CRC screening.34,35 This multitarget stool DNA test showed higher 
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sensitivity for CRC than FIT (92.3% vs. 73.8%). However, its specificity was lower than that 

of FIT (86.6% vs. 94.9%).34 Furthermore, the cost for stool DNA test is more expensive than 

FIT. Although CT colonography showed similar performance to colonoscopy in the 

detection of colorectal neoplasia, it has the risk of radiation hazard if repeated, and the 

mortality reduction from CRC by CT colonography is unclear.36 In general, colonoscopy is 

considered the best modality for CRC screening because it not only detects colorectal 

neoplasia but also can remove most colorectal adenomas and some early cancers during the 

examination. In addition, colonoscopy showed about 68% mortality reduction from CRC.37

Nonetheless, colonoscopy is invasive, expensive, and cumbersome, which leads to poor 

adherence to colonoscopy screening. Moreover, although high-quality colonoscopy is 

essential for the effective mass screening of CRC, qualified colonoscopists are not sufficient 

in many regions.

Till now, many studies reported the possibility of miRNAs as candidate biomarkers for 

colorectal neoplasia including CRCs. Kanaan et al. reported several plasma miRNAs such as 

miR-431, miR-15b, and miR-139-3p could distinguish colonic adenoma from healthy

mucosae.38 Yong et al. identified a panel of 3 miRNAs (miR-193-3p, miR-23a, and miR-

338-5p) from tissue samples had a significant correlation with CRC.39 Other studies also 

showed different miRNAs related to CRCs. Interestingly, in most of these studies, these 

miRNAs have been obtained from CRC tissues or blood samples. Investigations of miRNAs 

in fecal samples were lacking. In our present study, we showed fecal miR-221, and Let-7a 

could be useful biomarkers for screening of colorectal neoplasia. Fecal miRNA may have 

several strengths as a biomarker. First, miRNA has been considered to be stable and can be 

detected technically easily and effectively compared to mRNA which lacks stability.40,41

Second, because colonocytes including miRNAs are exfoliated continuously into the colonic 

lumen, fecal miRNAs can be present relatively constantly, which makes the probability of 

their detection high. Third, fecal sampling is completely non-invasive. Putting together these 

advantages of fecal miRNA tests and the positive results in our present study, we suggest 

fecal miR-221 and Let-7a could be used as a useful screening modality in CRC screening. 
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Further, large scale, confirmative studies are warranted. 

Overexpression of miR-221 has been shown in a variety of cancers such as pancreatic 

cancer,42 papillary thyroid cancer,43 glioblastoma,44,45 breast cancer,46 melanoma,47 and 

prostate cancer.48 MiR-221 has been reported to be associated with carcinogenesis and 

chemotherapy resistance through the regulation of the cell cycle. The target molecules of 

miR-221 were suggested to be c-KIT, p27, and p57.47 The association between CRC and 

miR-221 was also reported in a recent study which showed the high level of circulating 

plasma miR-221 was an independent poor prognostic factor in patients with CRC. The 

authors proposed that miR-221 might be related to the prognosis of CRC through its 

association with p27 expression which is a regulator of cell cycle progression via the G1/S 

transition.49 Let-7 was discovered in the early 1990s. The Let-7 family consists of 12 genes 

encoding 9 distinct miRNAs (Let-7a to Let-7i).50 Several studies showed the relation

between epigenetic activation and/or overexpression of Let-7a and CRC in the investigation 

of CRC-derived cells and human CRC tissues.51 In our study, we demonstrated the increase 

of miR-221 and Let-7a in the stool of CRC patients, which suggested the possible usefulness 

of fecal miR-221 and Let-7a as CRC screening biomarkers.

In our analysis, fecal miR-221 and Let-7a showed not only simply different level of 

expression between the neoplastic group and healthy control (Table 5) but also linearly 

increasing pattern from the healthy control through the adenoma group to the CRC group 

(Fig. 1 (E) and (F)). In comparison, the expression level was not significantly different 

according to the stages of CRCs. These findings suggest that expression of miR-221 and Let-

7a may increase during the early period of colorectal adenoma-carcinoma pathway and may

be stabilized at the late stage of CRC carcinogenesis. However, this hypothesis should be 

investigated further in future studies because several recent studies showed a different level 

of miRNA expression between different CRC stages. Wang et al. reported the expression of 

miR-31 in the CRC tissue was associated with nodal metastasis.52 Arndt et al. reported the 

tissue expression of miR-31, miR-7, miR-99b, miR-378, miR-133a, and miR-125a showed 

significant difference between early and late stages of CRC.27
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We found the performance of single fecal miRNA for the screening of colorectal neoplasia, 

especially for screening of colorectal adenomas, was not satisfactorily high. Therefore we 

analyzed and designed a combination model for high performance of fecal miRNAs as a 

screening biomarker for colorectal neoplasia. The AUC of the combination of age, fecal 

miR-221, and fecal Let-7a was 0.839, which is acceptably good performance as an initial 

screening modality. Because the combination of several markers may increase the cost, 

future studies should investigate the usefulness of further combination with clinical risk 

factors which can be added without additional cost.53

Our study has some limitations. First, the number of enrolled participants was small, and the 

conclusion of this study should be confirmed by large-scale studies. Second, it is a single 

center study in which the study population was only Asian. Considering the possible 

different genetic predispositions and different fecal miRNA signatures between different

ethnicities, multi-national multi-center studies are warranted. Third, we did not conduct 

functional studies about miR-221 and Let-7a in detail which could support the relation 

between CRC and these miRNAs. Finally, we did not investigate the expression of miR-221 

and Let-7a in CRC and adenoma tissues. If we had investigated the correlation of miR-221 

and Let-7a between the tissues and feces, we could have confirmed the direct association 

between these miRNAs and CRC and the clear role of fecal miRNAs in CRC screening. 

Despite these limitations, we believe our study was meaningful in the viewpoint that we 

showed the usefulness of fecal miRNAs as a non-invasive CRC screening modality. 

  

Conclusion

In conclusion, fecal miR-221 and Let-7a may be useful non-invasive biomarkers for CRC 

screening. The combination of these two fecal miRNAs with clinical risk factors such as age 

could predict the presence of colorectal neoplasia with high confidence. Further larger 

studies are warranted for determination of best cut-off values of these fecal miRNAs and best 

model which combines several biomarkers and clinical risk factors. 
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한글 요약

연구 배경 및 목적: 대변 마이크로 RNA (miRNA) 분석은 대장암

선별검진을 위한 비침습성 바이오마커 검사의 하나로 기대되어왔다. 이

연구에서는 대장선종 및 대장암을 포함하는 대장종양 환자에서 발현

변화를 보이는 대변 miRNA를 찾아내고, 효율적 대장암 선별검진을 위한

다양한 대변 miRNA의 조합을 찾고자 하였다.

방법: 대장암 환자 30명, 대장선종 환자 35명, 건강 대조군 32명으로부터

대변 검체를 채취하여 13 가지 miRNA (miR-17, -21, -27a, -92, -106a, -145, 

-155, -181b, -199a, -200c, -221, 494, Let-7a) 발현을 정량적 실시간 PCR

방법으로 측정, 비교 분석하였다.

결과: 단변량 분석에서 연령, 대변 miR-21, -145, -155, -199a, -221, -494 

및 Let-7a가 대장종양군과 건강 대조군 사이에 유의한 차이를 보였다. 

다변량 분석에서 연령 (Odds ratio (OR) 21.1, 95% 신뢰구간 (CI) 2.2-151.7, 

p=0.005), miR-221 (OR 4.1, 95% CI 1.1-16.5, p=0.037) 및 Let-7a (OR 11.7, 

95% CI 1.3-103.6, p=0.034)가 대장종양의 독립적 위험인자로 확인되었다. 

연령, 대변 miR-221 및 Let-7a의 area under the curve (AUC)는 각각

0.656 (95% CI, 0.552-0.750), 0.742 (95% CI, 0.643-0.827) 및 0.645 (95% CI,

0.540-0.740)이었다. 연령, 대변 miR-221 및 Let-7a 조합의 AUC는 0.839 

(95% CI, 0.749-0.907)로 각각의 AUC에 비해 우수하였고, 민감도(79.4%)와

특이도(86.7%)도 높았다.

결론: 대변 miR-221 및 Let-7a는 대장암 선별검진을 위한 유용한

비침습성 바이오마커였으며, 이들을 연령과 조합하여 분석하면 대장종양

진단의 신뢰도를 높일 수 있을 것으로 생각된다.
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