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Introduction

Colorectal cancer (CRC) is the fourth most common factor 
for cancer-related deaths (1,2). Although new anticancer 
agents and molecular-targeted therapies for CRC have 
been developed, the prognosis for advanced stage CRC 
patients is very poor. This is because of the high incidence 
of tumor recurrence from distal metastasis (3,4). The 5-year 
survival rate for early stage cancer patients is approximately 

80–90%, however, with tumor recurrence after distal 
metastasis, the survival rate drastically drops to 10–20% 
(5,6). The dysregulation of miRNAs has been reported to 
influence carcinogenesis, aggressiveness and metastasis. 
Hence, research to identify biomarkers involved with the 
progression of cancer is urgently needed.

MicroRNAs (miRNAs) comprise of a class of small non-
coding RNA molecules, usually 20 to 22 nucleotides in 
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length that regulate post-transcriptional processes of several 
genes. miRNAs regulate protein-coding genes in biological 
processes, including tumorigenesis and chemoresistance (7). 
miRNAs negatively regulate gene expression at the post-
transcriptional level through the degradation of mRNA 
and inhibition of translation (8). Abnormal expression 
of oncogenic miRNAs can lead to tumor occurrence by 
facilitating tumor proliferation and apoptosis resistance (9).  
In CRC, it has been reported that dysregulation of miRNAs 
affects tumorigenesis, invasion and metastasis. MiRNA-143 
and miRNA-145 were first identified as dysregulated 
miRNAs in CRC in 2003 (10). Since then, numerous 
miRNAs have been studied for their relevance in CRC 
prognosis. Recently, the higher expression level of miRNA-
181a has been demonstrated in a number of cancers. 
MiRNA-181a has been identified as a prognostic biomarker 
for acute myeloid leukemia and non-small cell lung cancer 
(11,12). In addition, miRNA-181a levels have been correlated 
with cancer chemoresistance. Overexpression of miRNA-
181a in prostate cancer cells contributes to tumor resistance 
to docetaxel and cabazitaxel (13). MiRNA-181a also 
promotes cancer resistance to radiation therapy by targeting 
the pro-apoptotic PRKCD gene (14) and modulates glioma 
tumor growth and chemotherapy resistance to temozolomide 
(TMZ) through the PTEN pathway (15). However, there 
have been limited studies regarding the association between 
miRNA-181a expression levels and the prognosis of CRC.

In our study, we investigated the expression of miRNA-
181a using in situ hybridization (ISH) high-throughput 
platforms and the effect it had on the prognosis of CRC. 
In addition, we selected CRC patients undergoing 
chemotherapy to assess the ability of miRNA-181a to affect 
the prognosis of CRC patients.

Methods 

Ethics statement

This study was approved by the Medical Ethics Committee 
of China Medical University at the First Affiliated Hospital 
of China Medical University. All patients agreed to the 
study protocols and signed informed consent forms to 
participate in the study. All tumor samples were anonymized 
before analysis using ISH. 

Patients and tissue samples

CRC patients were recruited between June 2005 and March 

2010 by the First Affiliated Hospital of China Medical 
University. Exclusion criteria were as follows: (I) incomplete 
patient medical records and/or no follow-up information; 
(II) lack of clinical samples for proper evaluation; (III) 
severe postoperative complications including intestinal 
fistulas and anastomotic obstructions; (IV) preoperative 
adjuvant chemotherapy and radiotherapy.

Tumor tissue and surrounding intestinal mucosa were 
collected during the surgery. The clinical staging was 
performed in line with the WHO and TNM staging 
guidelines (16). Based on tumor differentiation, patients 
were classified into grade 1 (poorly differentiated), grade 2 
(medium differentiated) and grade 3 (well differentiated). 
All patients underwent enhanced CT examination of 
the pulmonary and abdominal regions prior to surgery. 
Patients received routine CT and colonoscopies during 
follow-up to detect efficacy, invasion and/or recurrence 
of the tumor. Tumor metastasis and vascular invasion 
were investigated by intraoperative and postoperative 
pathological examination respectively. The postoperative 
follow-up duration was 10 years.

Tissue microarray (TMA) 

Fresh tissue from the central zone was paraformaldehyde-
fixed, imbedded in paraffin and sliced into 4-μm sections. 
These sections were stained by hematoxylin and eosin (H 
& E) and placed on coverslips with mounting medium for 
analysis. The stained and paraformaldehyde-fixed tissues 
were then placed in a TMA. A total of 7 TMAs (6 from 
tumors and 1 from adjacent mucosa) were used for ISH 
analysis.

ISH

ISH was conducted as previously described (17). Briefly, 
tissues with treated with hydrogen peroxide at room 
temperature for 10 min. Subsequently, the sections were 
boiled (95 to 100 ℃) in citric acid buffer for 15 min and 
incubated with protease at 37 ℃ for 8 min. The slides were 
then pre-hybridized in Exiqon hybridization buffer (Exiqon, 
Vedbæk, Denmark) at 65 ℃ for 2 h, hybridized with 50 nM 
miRNA-181a probe overnight and washed stringently with 
5× SSC, 1× SSC and 0.2× SSC buffers at 65 ℃ for 30 min. DIG 
blocking reagent (Roche, Mannheim, Germany) was added 
for 15 min at 37 ℃ in maleic acid buffer with 2% sheep 
serum. After which, the alkaline phosphatase-conjugated 
anti-digoxigenin was added at 37℃ for 20 min (1:500 in 
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Roche blocking reagent). 4-nitroblue tetrazolium (NBT) 
and 5-brom-4-chloro-3'-Indolylphosphate (BCIP) substrate 
(Roche) were used for enzymatic development to form dark-
blue NBT-formazan precipitates at 37 ℃ for 60 min. The 
sections were lightly counterstained with nuclear fast red 
(Vector Laboratories, Burlingame, CA) at 25 ℃ for 1 min 
and mounted. The probes for miRNA-181a detection was as 
follows: 5' Dig-AACAUUCAACGCUGUCGGUGAGU-
Dig 3' (Exiqon, Vedbæk, Denmark).

Evaluation of ISH

TMAs were scanned using Pannoramic MIDI (3D 
HISTECH, Budapest, Hungary) and anonymized samples 
were then analyzed. The number of cells in each slice that 
had positive staining was recorded. It was based on staining 
intensity and classified using semi-quantified values. The 
process of semi-quantification was conducted as follows: 
H-score = Σ(PI×I) = (percentage of cells of negative intensity 
×0) + (percentage of cells of weak intensity ×1) + (percentage 
of cells of moderate intensity ×2) + (percentage of cells of 
strong intensity ×3), where PI represents the percentage 
of positive cells to the total number of cells in the slice 
and I represents the intensity of the color. Five fields for 
each sample were selected randomly and the cutoff value 
for miRNA-181a levels was determined through receiver 
operating characteristic (ROC) curves.

Statistical analysis

Statistical analysis was conducted using SPSS 20.0 (Chicago, 
IL, USA). Pearson chi-square and Fisher’s tests was used 
to compare the statistical data. Disease-free survival (DFS) 
referred to the date from the day of diagnosis to tumor local 
recurrence or metastasis. Overall survival (OS) referred to 
the date from the day of diagnosis to tumor-related death. 
The Kaplan-Meier method and the log-rank test were 
used to evaluate survival probabilities. The association of 
multiple variables and prognosis was assessed using the 
multivariate Cox regression model. P values less than 0.05 
was considered to have statistical significance.

 The Cancer Genome Atlas (TCGA) database analysis 

The expression data for miRNA-181a was obtained from 
the TCGA database for CRC, which contained 619 cases of 
colorectal tumors and 11 cases of adjacent normal tissues. 
The median age of these patients was 68 years, which 

included 328 (53.0%) males and 291 (47.0%) females. 
The number of patients with tumor grade 1 + grade 2 and 
tumor grade 3 + grade 4 were 90 (19.6%) and 369 (80.4%) 
respectively. Of the 619 patients, 185 (47.5%) patients had 
lymph node metastasis and 152 (24.9%) patients had distant 
metastasis, 510 (85.1%) patients had clinical stage I–III and 
89 (14.9%) had clinical stage IV (Table S1). MiRNA-181a 
expression profiles were matched to the downloaded clinical 
data according to the TCGA code. Some patients had 
missing miRNA-181a expression data, no follow-up data, 
or missing clinical information. The t-test was conducted 
to analyze the miRNA-181a expression differences between 
cancer and normal tissues and the Kaplan-Meier method 
was performed to evaluate the association of miRNA-181a 
levels with OS.

Results

Clinicopathological characteristics of CRC patients  

Table 1 summarizes the clinicopathological characteristics of 
the 329 CRC patients with miRNA-181a expression levels. 
The median age of these patients was 63 years (range, 
17–88 years), which included 173 (52.6%) males and 156 
(47.4%) females. The numbers of patients with histological 
grade G1 and G2–G3 tumors were 53 (16.1%) and 276 
(83.9%) respectively. A total of 284 (86.3%) cases exhibited 
a tumor diameter of 30 mm and/or more, while 45 cases 
(13.7%) exhibited no more than 30 mm. Of the 329 
patients, 43 (13.1%), 46 (14.0%), 22 (6.7%) and 29 (8.8%) 
patients had lymph node metastasis, liver, lung invasion and 
peritoneal dissemination respectively. A total of 238 (72.3%) 
patients had clinical stage I–III and 91 (27.7%) had clinical 
stage IV. In total, 160 patients received chemotherapy 
treatment, which were 48.6% of the total number of CRC 
patients.

MiRNA-181a is overexpressed in CRC tissues

We evaluated the expression of miRNA-181a levels in  
329 samples from patients with CRC and 45 tumor-adjacent 
control samples utilizing ISH (Figure 1). Among the  
329 samples, 302 (91.8%) were positive for miRNA-181a  
expression in CRC tissues. In contrast, miRNA-181a was 
detected in only 6 (13.3%) samples out of 45 tumor-adjacent 
control samples. MiRNA-181a expression in CRC tissue 
samples was significantly higher than in corresponding 
tumor-adjacent samples (P<0.01). 
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Selection of the cutoff value for miRNA-181a expression 
levels 

ROC analysis was used to determine the appropriate cutoff 
score for miRNA-181a expression level. ROC curves 

demonstrated miRNA-181a expression levels were affected 
by liver invasion (P=0.002), peritoneal dissemination 
(P=0.029), histological grade (P=0.046), tumor size 
(P=0.001), OS (P<0.001) and clinical stage (P=0.035)  
(Figure 2). However, lung invasion, chemotherapy and lymph 
node metastasis were not associated (P=0.904, P=0.500, 
P=0.092). The largest area under the curve (AUC) of the 
ROC curve was corresponded to OS (Figure 2H). Based on 
these results, we defined the cut-off value of miRNA-181a 
expression level at 147.8%. Tumors with H-scores >147.8% 
and ≤147.8% were considered as high and low expression of 
miRNA-181a respectively. A total of 151 (45.9%) tumors had 
low expression of miRNA-181a and 178 (54.1%) tumors had 
high expression of miRNA-181a.

Association of miRNA-181a expression with 
clinicopathological characteristics of CRC 

The association between miRNA-181a expression 
levels with clinical pathological parameters in CRC was 
investigated using Pearson χ2 test (Table 2). The expression 
levels of miRNA-181a were not correlated with the patients’ 
age, gender, histological grade, lymph node metastasis, lung 
invasion and receiving chemotherapy (Table 2, P>0.05). 
Tumors diameter >30 mm, liver invasion and peritoneal 
dissemination had significant association with miRNA-
181a high expression (P<0.001, P=0.004, P=0.018, Table 2). 
The high expression of miRNA-181a was also significantly 
correlated with tumor clinical stage (P=0.003, Table 2). 

Association of miRNA-181a expression levels with survival 

The association of miRNA-181a expression levels with OS 
and DFS were determined in CRC patients using Kaplan-
Meier analysis. The high expression of miRNA-181a was 
correlated with shorter OS and DFS in all CRC patients 
(n=329, P<0.001, P<0.001, Figure 3A,B). Given that adjuvant 
chemotherapy influenced patients’ survival, we analyzed the 
association between miRNA-181a expression levels and its 
prognostic value in CRC patients receiving and not receiving 
chemotherapy. MiRNA-181a was highly associated with OS 
and DFS in patients who underwent chemotherapy than 
those who did not receive chemotherapy (Figure 3C,D,E,F). 
Moreover, the therapeutic efficacy of patients receiving 
adjuvant chemotherapy with high miRNA-181a expression 
was not beneficial compared to patients with low miRNA-
181a expression levels (P<0.001, P<0.001, log-rank test, 
Figure 3C,D). These results suggested that miRNA-181a 

Table 1 Clinicopathological characteristics of CRC patients (n=329)

Features Number %

Age at diagnosis (years)

≤63 154 46.8

>63 175 53.2

Gender 

Male 173 52.6

Female 156 47.4

Histological grade

G1 53 16.1

G2–G3 276 83.9

Tumor size (mm)

≤30 (small) 45 13.7

>30 (large) 284 86.3

Lymph node metastasis

Absent 286 86.9

Present 43 13.1

Liver invasion

Absent 283 86.0

Present 46 14.0

Lung invasion

Absent 307 93.3

Present 22 6.7

Peritoneal dissemination

Absent 300 91.2

Present 29 8.8

Clinical stage

I–III 238 72.3

IV 91 27.7

Receiving chemotherapy

No 169 51.4

Yes 160 48.6

CRC, colorectal cancer.
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Figure 1 Representative micrographs showing negative (A,C) and positive (B,D) in situ hybridization staining of miR-181a in colorectal 
cancer-adjacent (A,B) and cancer tissue (C,D). The squares in the top right shows magnified regions and arrows indicate it in the insert (scale 
bar: 100 μm).

expression levels could influence the prognosis of CRC 
patients by affecting the chemotherapy effect. In addition, 
we investigated the correlation of miRNA-181a expression 
levels with OS and DFS in subgroups of CRC patients who 
were classified based on histological grade, liver invasion 
and peritoneal dissemination. High expression of miRNA-
181a was significantly correlated with shorter OS, DFS in 
CRC patients with histological grade G2–G3 but not in 
G1 (P<0.001, P=0.215, log-rank test, Figure 4A,B). In liver 
metastatic-negative and peritoneal dissemination-negative 
patients, higher miRNA-181a expression levels were 
significantly associated with shorter OS (P<0.001, P<0.001, 
Figure 4C,D). However, the expression of miRNA-181a was 
not correlated with shorter OS in liver invasion-positive 
and peritoneal dissemination-positive patients (P=0.583, 
P=0.809, Figure 4E,F). This suggests that miRNA-181a 
may be an important factor affecting OS and DFS of CRC 
patients with histological grade G2–G3, without liver 
invasion and peritoneal dissemination. 

Next, we used the univariate and multivariate Cox 

survival risk regression model to analyze the correlation 
between common clinical pathology parameters with 
miRNA-181a expression levels for the prognosis of CRC 
patients. We found that the expression levels of miRNA-
181a, together with lymph node metastasis, liver invasion, 
peritoneal dissemination, histological grade, tumor size, and 
clinical stage were significantly correlated with OS and DFS 
in CRC patients (P<0.001, P=0.015, P=0.004, P=0.008, 
P<0.001, P<0.001 and P=0.002 respectively for OS; 
P<0.001, P=0.018, P=0.004, P=0.014, P=0.001, P<0.001 and 
P=0.005 respectively for DFS; Table 3). We selected P value 
<0.05 variables to conduct the multivariate Cox regression 
analysis. Multivariate analysis indicated that miRNA-
181a expression levels, tumor size, histological grade and 
clinical stage were independent prognostic factors for OS 
and DFS in CRC patients (P<0.001, P=0.035, P=0.003 and 
P<0.001 respectively for OS; P<0.001, P=0.046, P=0.005 
and P<0.001 respectively for DFS; Table 4). This further 
demonstrated that miRNA-181a expression level was an 
independent risk factor for OS and DFS [risk ratio (RR) =2.872, 
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Figure 2 Receiver operating characteristic curves were used to determine the cut-off score for miRNA-181a overexpression in CRC. The 
sensitivity and specificity for each outcome were plotted and the areas under the curve (AUCs), P value and cut-off value were indicated. 
(A) Lung invasion; (B) lymph node metastasis; (C) liver invasion; (D) peritoneal dissemination; (E) histological grade; (F) tumor size; (G) 
receiving chemotherapy; (H) OS; (I) clinical stage. AUC, area under the curve; OS, overall survival; CRC, colorectal cancer.
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95% CI: 1.589–5.194, P<0.001 for OS; RR =3.024, 95% CI: 
1.661–5.507, P<0.001 for DFS] (Table 4). 

MiRNA-181a expression levels are associated with CRC 
progression and prognosis based on the TCGA database

In order to further confirm that miRNA-181a expression 
levels had a high correlation with CRC, we analyzed 
miRNA-181a expression in CRC tissues of 619 cases and 
11 adjacent normal tissues using the TCGA database. 
The results demonstrated an obvious increase in miRNA-
181a expression levels in CRC tissues (n=619) compared 
with normal tissues (n=11, P=0.036, Figure 5A). We then 
analyzed the miRNA-181a expression in subgroups of 
CRC tissues classified based on T stage and lymph node 
metastases. The expression of miRNA-181a in T3 + T4 
(n=369) stage was remarkably higher than in T1 + T2 stage 
(n=90, P=0.033, Figure 5B) and miRNA-181a expression 
was significantly lower in N0 (n=204) stage than those 
in N1 (n=104) and N2 (n=81) stage (P=0.015, P=0.001, 
Figure 5C). The results demonstrated that miRNA-181a 
expression was increased significantly in advanced T stage 
and lymph node metastases, which was consistent with its 
effect on colorectal tumor progression. We next analyzed 
the correlation between miRNA-181a expression and the 
prognosis of 619 cases of CRC patients based on the TCGA 
clinical database. The results showed that high expression 
of miRNA-181a was significantly correlated with poor OS 
in CRC patients (P=0.014, Figure 5D). Furthermore, high 
expression of miRNA-181a was associated with shorter 
OS in CRC patients with T3 + T4 stage tumors (P=0.006, 
Figure 5E). However, miRNA-181a expression levels had no 
correlation in patients with T1 + T2 stage tumors (P=0.821, 
data not shown). The high expression of miRNA-181a 
was also associated with a poor survival prognosis in CRC 
patients with lymph node metastases (P=0.014, Figure 5F) 
and had no association in CRC patients without lymph 
node metastases (P=0.302, data not shown). These results 
demonstrate that miRNA-181a may play an important role 
in the development and progression of CRC and may be an 
indicator for CRC diagnosis and prognosis.

Discussion 

Numerous studies have confirmed the significant role 
that miRNA-181a plays in regulating tumorigenesis, 
proliferation and distant metastasis. However, the 

Table 2 Association between miRNA-181a expression and 

clinicopathological features of CRC patients

Features
MiRNA-181a expression, n (%)

P valuea

High (n=178) Low (n=151)

Age at diagnosis 
(years)

0.580

≤63  86 (55.8) 68 (44.2)

>63  92 (52.6) 83 (47.4)

Gender 0.225

Male 88 (50.9) 85 (49.1)

Female 90 (57.7) 66 (42.3)

Histological grade 0.557

G1 28 (52.8) 25 (47.2)

G2–G3 150 (54.3) 126 (45.7)

Tumor size (mm) <0.001

≤30 (small) 13 (28.9) 32 (71.1)

>30 (large) 165 (58.1) 119 (41.9)

Lymph node 
metastasis

0.141

Absent 150 (52.4) 136 (47.6)

Present 28 (65.1) 15 (34.9)

Liver invasion 0.004

Absent 144 (50.9) 139 (49.1)

Present 34 (73.9) 12 (26.1)

Lung invasion 0.125

Absent 166 (54.1) 141 (45.9)

Present 12 (54.5) 10 (45.5)

Peritoneal 
dissemination

0.018

Absent 156 (52.0) 144 (48.0)

Present 22 (75.9) 7 (24.1)

Clinical stage 0.003

I–III 112 (47.1) 126 (52.9)

IV 66 (72.5) 25 (27.5)

Receiving 
chemotherapy

0.741

No 93 (55.0) 76 (45.0) 

Yes 85 (53.1) 75 (46.9)
a, P value obtained from Pearson Chi-squared or Fisher’s exact 
test. CRC, colorectal cancer.
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association of miRNA-181a with regards to CRC has yet 
to be determined. In the present study, we first conducted 
high-throughput TMA using ISH to determine the 
prognostic value of miRNA-181a expression levels with 
CRC. We found that CRC had higher expression of 
miRNA-181a than tumor-adjacent control samples. CRC 
patients with higher expression levels of miRNA-181a had 
a higher clinical stage, increased liver metastasis, peritoneal 
dissemination and larger tumor size. Higher expression of 
miRNA-181a was also correlated with shorter OS and DFS 
in CRC patients and was an independent prognostic factor 
for CRC progression. 

MicroRNAs are stably expressed in tumor tissues and 

are attributed to them being frequently used for detection 
(18,19). The majority of previous studies on miRNA 
detection have been carried out using microarrays with 
RNA extracted from tumor tissues and tumor-adjacent 
stromal tissues, which may include a mixture of tumor cells 
and tumor related stromal cells, thus making the analysis 
difficult to interpret. However, ISH can detect positive 
signals precisely at the cellular level. For example, some 
miRNAs are expressed abundantly in tumor related stromal 
cells but have no expression in tumor cells (20). Analysis 
using microarrays with RNA extracted from tumors will not 
be able to precisely delineate these differences. 

In addition, several miRNAs act as tumor suppressors 

Table 3 Univariate Cox regression analysis of OS and DFS in CRC patients

Category
Overall survival Disease-free survival

RR (95% CI) P value RR (95% CI) P value

Age (>63/≤63 years) 1.463 (0.937–2.283) 0.094 1.350 (0.864–2.112) 0.188

Gender (male/female) 1.045 (0.679–1.609) 0.841 1.024 (0.664–1.579) 0.913

MiRNA-181a (positive/negative) 4.511 (2.597–7.834) <0.001 4.423 (2.556–7.653) <0.001

Tumor size (>30/≤30 mm) 5.607 (3.478–9.039) <0.001 5.435 (3.354–8.807) <0.001

Histological grade (G1/G2–G3) 2.569 (1.579–4.179) <0.001 2.351 (1.450–3.811) 0.001

Liver invasion (positive/negative) 3.511 (2.258–5.459) 0.004 2.184 (1.289–3.700) 0.004

Lung invasion 2.122 (1.367–3.295) 0.110 2.271 (1.461–3.529) 0.160 

Peritoneal dissemination 2.220 (1.227–4.015) 0.008 2.117 (1.163–3.852) 0.014

Lymph node metastasis (yes/no) 0.572 (0.364–0.898) 0.015 0.576 (0.365–0.908) 0.018

Clinical stage (I–III/IV) 4.165 (2.693–6.440) 0.002 4.313 (2.789–6.670) 0.005

RR, relative risk; CI, confidence interval; OS, overall survival; DFS, disease-free survival; CRC, colorectal cancer.

Table 4 Multivariate Cox regression analysis of OS and DFS in CRC

Category
Overall survival Disease-free survival

RR (95% CI) P value RR (95% CI) P value

MiRNA-181a (positive/negative) 2.872 (1.589–5.194) <0.001 3.024 (1.661–5.507) <0.001

Liver invasion (positive/negative) 0.564 (0.307–1.039) 0.066 0.477 (0.260–0.974) 0.071

Peritoneal dissemination 0.694 (0.359–1.342) 0.278 0.641 (0.333–1.233) 0.183

Tumor size (>30/≤30 mm) 8.529 (1.163–15.566) 0.035 4.287 (1.023–8.960) 0.046

Histological grade (G1/G2–G3) 2.082 (1.275–3.402) 0.003 2.017 (1.233–3.302) 0.005

Lymph node metastasis (yes/no) 1.451 (0.814–2.588) 0.207 1.517 (0.857–2.686) 0.153

Clinical stage (I–III/IV) 3.508 (1.908–6.449) <0.001 3.995 (2.186–7.300) <0.001

RR, relative risk; CI, confidence interval; OS, overall survival; DFS, disease-free survival; CRC, colorectal cancer.
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or oncogenes (“onco-miRNA”), which would not have 
been detected if molecular and cellular composition is not 
utilized. Taking this into context, a pivotal but controversial 
role has been attributed to miRNA-181a as an onco-miRNA 
in different human cancers, including cervical, prostate, 
gastric, hepatocellular carcinoma and CRCs (13,21-24). 
Conversely, some studies have suggested that miRNA-
181a plays an opposite role as a tumor suppressor in other 
types of cancers (11,25,26). For example, miRNA-181a has 
been identified as frequently downregulated, contributes 
to apoptosis, and inhibition of growth and invasion in 
gliomas (27). However, in another study, low miRNA-181a 
expression was significantly associated with poor cancer-
specific survival in patients with CRC (28). 

Several studies have demonstrated that miRNA-181a 
is overexpressed in CRC (23,29,30). As far as we know, 
only one publication has reported the prognostic value of 
miRNA-181a expression levels in CRC using ISH (31). 
Consistent with our results, high miRNA-181a expression 
was an independent and significant prognostic factor for 

CRC. Our study was also consistent with the report from 
Nishimura et al. (32). Nishimura et al. showed that high 
miRNA-181a expression levels detected by RT-qPCR had 
a significantly poorer prognosis in CRC patients. However, 
in the report by Nishimura et al., the expression of miRNA-
181a had no obvious differences between tumor-adjacent 
tissue and CRC tissue and had no association with any 
clinical pathological parameters. We hypothesized that 
these results were probably due to the different origin 
of tumor-adjacent tissues and the number and detection 
methods used between our two studies.

The underly ing mechanism how miRNA-181a 
influences poor survival remains to be elucidated. MiRNA-
181a has been shown to inhibit the expression of several 
tumor suppressor genes, such as PTEN (23), MTMR3 (22),  
GPD1L (33) and WIF-1 (31,34). A recent study found that 
miRNA-181a expression was transcriptionally regulated 
by signal transducers and activators of transcription 1 
(STAT1) in CRC. STAT1/miRNA-181a/PTEN pathway 
in CRC adds new insights regarding the carcinogenesis and 
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development of CRC (23). In addition, the Wnt/β-catenin 
signaling pathway is deregulated in CRC and miRNA-181a  
could be directly up-regulated through the activation of the 
Wnt/β-catenin pathway (30). These results/findings could 
explain the reason for the high expression of miRNA-181a  
in CRC. Regulating the expression of miRNA-181a through 
modulating transcription factors may be a therapeutic 
option.

Our research also analyzed the potential association 
between miRNA-181a expression and a variety of clinical 
pathological parameters in CRC patients, as well as its 
prognostic value for survival. Our results demonstrated that 
high expression of miRNA-181a was associated with tumor 
size, liver metastasis, peritoneal dissemination, clinical 
stage and shorter prognostic survival in CRC patients. 
We also showed that the expression of miRNA-181a was 
significantly associated with poor prognosis, however, it did 
not have significant association with prognosis if patients 
had liver metastasis and peritoneal dissemination. This 
suggested that although the expression of miRNA-181a 
had an obvious effect on proliferation of tumor cells and 
poor prognosis, it was not the dominant factor when liver 
metastasis or peritoneal dissemination was present.

Furthermore, miRNA-181a had a significant impact 
on regulating tumor drug-resistance in various cancers. 
Higher expression of miRNA-181a increased tumor 
resistance to docetaxel and cabazitaxel in prostate cancer 
cells and inhibition of miRNA-181a expression could 
restore treatment efficacy (13). TMZ-based chemotherapy 
is the standard treatment for glioma and miRNA-
181a reduced the sensitivity to TMZ in glioma cancers 
through the inhibition of PTEN (15). In this study, we 
found that the prognostic value of miRNA-181a-high 
patients receiving adjuvant chemotherapy was poor, 
which suggested that high expression of miRNA-181a 
may influence the progression and prognosis of CRC. 
Our previous published work demonstrated that miRNA-
181a played a significant role in regulating macrophage 
polarization through directly targeting KLF6 and C/EBPα 
to induce macrophage polarization to the M2 phenotype, 
which leads to tumor development and drug resistance (35). 
These results further demonstrated that the expression of 
miRNA-181a could be a potential therapeutic marker for 
CRC patients. Our results demonstrated for the first time 
that miRNA-181a expression was significantly correlated 
with the survival and efficacy of chemotherapy treatment 
of CRC patients. 

Conclusions 

In summary, our results demonstrated that miRNA-181a 
expression was significantly associated with tumor size, 
distant metastasis, clinical stage and prognostic survival of 
CRC patients, indicating that miRNA-181a expression has 
a significant effect on the proliferation and progression of 
tumor cells of the disease. We also demonstrated that the 
expression of miRNA-181a was significantly correlated 
with OS and DFS and may be an important indicator for 
prognosis of CRC patients. 
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Table S1 Clinicopathological characteristics of CRC patients in 
TCGA database

Features Number %

Age at diagnosis (n=619)

≤68 years 313 50.6

>68 years 306 49.4

Gender (n=619)

Male 328 53.0

Female 291 47.0

Tumor stage (n=459)

T1 + T2 90 19.6

T3 + T4 369 80.4

Lymph node (n=389)

N0 204 52.4

N1 104 26.7

N2 81 20.8

Metastasis (n=610)

M0 458 75.1

M1 152 24.9

Clinical stage (n=599)

I–III 510 85.1

IV 89 14.9

TCGA, The Cancer Genome Atlas; CRC, colorectal cancer.
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