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Abstract. miRNAs regulate gene expression at the 
post-transcriptional level by degradation of mRNA and trans-
lational repression. Recent studies have shown that miR-181a is 
dysregulated in several types of cancer; however, the clinical 
significance of miR‑181a in colorectal cancer (CRC) remains 
unclear. We addressed this question by using quantitative 
real-time PCR (qRT-PCR) to analyze miR-181a expression in 
162 CRC patients. There was no significant difference in miR-
181a expression in normal colon vs. colorectal cancer tissue. 
The cancer tissue samples were categorized into a low and high 
expression group based on miR-181a expression. Comparison of 
the clinicopathological factors and prognosis in these two groups 
showed that the high expression group had a significantly poorer 
prognosis than the low expression group (P=0.011). Multivariate 
analysis indicated that high miR-181a expression was an inde-
pendent significant prognostic factor for CRC. However, there 
no correlation was observed between miR-181a expression and 
clinicopathological parameters. In vitro analysis revealed that 
the overexpression of miR-181a repressed the expression of the 
tumor suppressor, phosphatase and tensin homolog (PTEN) 
located on chromosome 10, at the mRNA level. These data 
suggest that miR-181a may be a new independent prognostic 
factor for CRC patients.

Introduction

Colorectal cancer (CRC) is the second most common cancer 
in women and the third most common in men in developed 

countries (1). Current monoclonal antibody-based therapies 
have improved the prognosis of CRC patients. These agents 
include bevacizumab, an inhibitor of the vascular endothelial 
growth factor (VEGF), and cetuximab, an epidermal growth 
factor receptor (EGFR) inhibitor. However, long-term survival 
remains low for metastatic CRC. A better understanding of 
the molecular mechanisms underlying CRC is essential for the 
development of novel therapeutic strategies.

microRNAs (miRNAs) are endogenous single-stranded 
non-coding RNAs of 19-25 nucleosides in length that are gener-
ated by Dicer, an RNase III enzyme. miRNAs regulate gene 
expression at the post-transcriptional level by the degradation 
of mRNA and translational repression. miRNAs play essential 
roles in diverse processes, including development, prolifera-
tion, differentiation and apoptosis (2-4). miRNAs function as 
negative regulators of gene expression, and the overexpression 
of oncogenic miRNAs can contribute to tumorigenesis by 
promoting cellular proliferation and evasion of apoptosis.

In CRC, the dysregulation of miRNAs has been reported 
to influence carcinogenesis, invasion and metastasis. The first 
study of miRNA expression in CRC in 2003 identified miR-143 
and miR-145 as novel dysregulated miRNAs (5). Since then, 
numerous miRNAs have been reported that are related to CRC 
prognosis.

Alternative expression of miR-181a has been reported in a 
number of cancers. miR-181a is a prognostic marker in acute 
myeloid leukemia (6) and non-small cell lung cancer (7). The 
screening of miRNAs implicated in other cancers has shown 
that miR-181a is upregulated in CRC; however, there has been 
no assessment of its correlation with clinicopathological and 
prognostic factors. Since miR-181a has been reported to be over-
expressed in TP53 null cells (8), miR-181a may also be involved 
in the carcinogenesis of CRC.

In the present study, we investigated miR-181a as an onco-
genic miRNA in CRC. We demonstrate that miR-181a has 
clinical significance as a prognostic indicator in CRC. Our 
data also suggest that the expression of the tumor suppressor 
protein, phosphatase and tensin homolog (PTEN), may be 
suppressed by miR-181a, resulting in the suppression of the 
PTEN/Akt pathway.
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Materials and methods

Clinical tissue samples. This study included 162 patients who 
underwent resection of primary CRC at Kyushu University 
Hospital (Beppu, Japan) or at its affiliated hospitals between 
1992 and 2000. Resected tissue samples were immediately 
cut and embedded in Tissue-Tek OCT compound (Sakura 
Finetechnical Co., Ltd., Tokyo, Japan), frozen in liquid nitrogen 
and stored at -80˚C until RNA extraction. The clinicopatholog-
ical factors and clinical stage were classified using the criteria 
of the International Union Against Cancer (9). All sample data, 
including age, gender, tumor size and depth, lymph node metas-
tasis, vascular invasion, distant metastasis, clinical stage and 
histological grade, were obtained from the clinical and patho-
logical records. The mean follow-up period was 35.6 months. 
None of the patients had pre-operative chemotherapy or irra-
diation. After surgery, patients with stage III/IV tumors were 
treated with standard 5-fluorouracil-based chemotherapy. The 
Human Ethics Review Committee of Osaka University (Osaka, 
Japan) and Kyusyu University (Ohita, Japan) approved the use of 
the resected samples. The reporting recommendations for tumor 
marker prognostic studies (REMARK) guidelines for tumor 
marker studies were used for the preparation of this study (10).

Evaluation of miR-181a expression in clinical samples. 
For the quantitative real-time PCR (qRT-PCR) analysis of 
miR‑181a, cDNA was synthesized from 10 ng of total RNA 
using TaqMan™ MicroRNA hsa-miR-181a-specific primers 
(Applied Biosystems, Tokyo, Japan) and the TaqMan™ 
MicroRNA Reverse Transcription kit (Applied Biosystems). 
Reverse transcription conditions were as described previ-
ously (11). miRNA expression was determined relatively to the 
expression of RNU6B (control) and was analyzed using the 
ΔΔCt method (12).

Cell cultures. The Colo 201 colon cancer cell line was main-
tained in Dulbecco's modified Eagle's medium (DMEM) 
containing 10% FBS (Sigma-Aldrich, St. Louis, MO), 100 U⁄ml 
penicillin and 100 µg ⁄ml streptomycin in a humidified atmo-
sphere with 5% CO2 at 37˚C. Cell count was assessed using a 
hemocytometer.

Transfection of miR-181a precursor (pre-miR-181a). Cells were 
grown to 60-80% confluence and transfected with 5 nmol/l of 
pre-miR-181a or negative control oligonucleotides (Applied 
Biosystems) using the siPORT™ NeoFX Transfection Agent 
(Ambion, Inc., Austin, TX). miR-181a expression was analyzed 
in the cells 24 and 48 h after transfection, and PTEN expres-
sion was analyzed 24 h after transfection.

Evaluation of PTEN mRNA expression in the Colo 201 cell 
line. Total RNA was extracted from Colo 201 cells using the 
modified acid-guanidine-phenol-chloroform method described 
previously (13). Total RNA (8 µg) was reverse-transcribed to 
cDNA with M-MLV RT (Invitrogen, Carlsbad, CA). The PCR 
primer sequences for PTEN mRNA were as follows: PTEN 
forward, 5'-GAGGGATAAAACACCATG-3' and reverse, 
5'-AGGGGTAGGATGTGAACCAGTA-3'. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as the internal 
control, and the GAPDH primers were as follows: GAPDH 

forward, 5'-TTGGTATCGTGGAAGGACTCTA-3' and reverse, 
5'-TGTCATATTTGGCAGGTT-3'. Real-time monitoring of 
PCR was performed with the LightCycler® system (Roche 
Applied Science, Indianapolis, IN) and SYBR-Green I dye 
(Roche Diagnostics, Tokyo, Japan). Monitoring was performed 
according to the instructions of the manufacturer as described 
previously (14). In brief, a master mixture was prepared on ice 
that contained 1 µM of cDNA, 2 µl of DNA Master SYBR-
Green I mix, 50 ng of primers and 24 µl of 25 mmol/l MgCl2. 
The final volume was adjusted to 20 µl with water. qRT-PCR 
was performed as described previously (15). The concentrations 
of unknown samples were calculated by plotting their crossing 
points against the standard curve and dividing by the value for 
GAPDH.

Statistical analysis. The qRT-PCR data were analyzed with 
JMP®  8 (SAS Institute, Cary, NC). The overall survival 
rates were calculated by the Kaplan-Meier method and were 
measured starting on the day of surgery. The differences 
between groups were estimated using the χ2 test, the Student's 
t-test or the log-rank test. For multivariate analysis, the Cox 
proportional hazards regression model was used. A probability 
level (P-value) of 0.05 was used to determine statistically 
significant diferences.

Results

Clinicopathological significance of miR-181a expression in 
CRC. In this study, the CRC cases were classified into two 
groups, a low expression group (n=82) with miR-181a levels less 
than the median expression level and a high expression group 
(n=80) with miR-181a expression above the median level. We 
compared overall (Fig. 1A) and disease-free survival (Fig. 1B) 

Figure 1. Patients in the high miR-181a expression group had a significantly 
shorter (A) five-year overall survival rate and (B) disease-free survival rate than 
those in the low miR-181a expression group (P=0.011 and 0.010, respectively).
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between the groups. Patients in the high expression group had 
significantly poorer prognosis than those in the low expres-
sion group (overall survival, P=0.011; disease-free survival, 
P=0.010). We also compared miR-181a expression in normal 
colon mucosa and CRC tissues and found no significant differ-
ence (Fig. 2). We then analyzed clinicopathological factors and 
miR-181a expression. There were no significant differences 
related to miR-181a expression as regards age, gender, histo-
logical grade, tumor size, tumor depth, lymph node metastasis, 
lymphatic invasion, venous invasion, liver metastasis, perito-
neal metastasis or stage (Table I).

Upregulated expression of miR-181a is associated with overall 
survival. Univariate analysis for overall survival showed that 

Table I. miR-181a expression and clinicopathological characteristics in colorectal cancer patients (n=162).

	 Low expression group (n=82)	 High expression group (n=80)
Characteristic	 n (%)	 n (%)	 P-value

Age (mean ± SD)	 67.0±1.20	 66.7±1.21	 0.83
Gender
  Male	 48 (58.6)	 50 (62.5)	 0.61
  Female	 34 (41.4)	 30 (37.5)
Histological grade
  Well and moderately differentiated	 77 (93.9)	 72 (90.0)	 0.36
  Poorly differentiated and other grades	 5 (6.1)	 8 (10.0)
Size (mm)
  <33 (small)	 13 (17.1)	 19 (23.7)	 0.3
  >31 (large)	 63 (82.9)	 61 (76.3)
Tumor deptha

  m/sm	 9 (11.0)	 12 (15.0)	 0.45
  mp/ss/se/si	 73 (89.0)	 68 (85.0)
Lymph node metastasis
  Absent	 45 (54.9)	 45 (56.3)	 0.86
  Present	 37 (45.1)	 35 (43.7)
Lymphatic invasion
  Absent	 48 (58.5)	 43 (53.8)	 0.54
  Present	 34 (41.5)	 37 (46.2)
Venous invasion
  Absent	 65 (79.3)	 66 (82.5)	 0.6
  Present	 17 (20.7)	 14 (17.5)
Liver metastasis
  Absent	 72 (87.8)	 68 (85.0)	 0.6
  Present	 10 (12.2)	 12 (15.0)
Peritoneal dissemination
  Absent	 79 (96.3)	 77 (96.3)	 0.98
  Present	 3 (3.7)	 3 (3.7)
Srage
  0-I	 18 (22.0)	 23 (28.8)	 0.32
  III-IV	 64 (78.0)	 57 (71.2)

aTumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of serosa (se) and invasion of adjacent 
structures (si).

Figure 2. There was no significant difference in the miR-181a expression 
measured in normal and colon cancer tissue (P=0.47).
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several clinicopathological factors, including histological grade, 
tumor size, lymph node metastasis, lymphatic invasion, venous 
invasion and liver metastasis, and miR-181a expression, were 
significant predictors of poor prognosis (Table II). Multivariate 
analysis showed that miR-181a expression was an independent 
and significant prognostic factor for overall survival (relative 
risk, 1.83; 95% CI, 1.26-2.76; P=0.0013); histological grade, 
lymph node metastasis, lymphatic invasion, venous invasion 
and liver metastasis were independent and significant prog-
nostic indicators as well (Table II).

miR-181a regulates PTEN expression. We then examined 
which genes were controlled by miR-181a expression in vitro. 
Using the in silico miRNA target prediction tools, miRanda and 
TargetScan, we discovered the sequences of the miR-181a binding 

sites in transcripts encoding PTEN. To investigate this further, we 
analyzed miR-181a expression in several colon cancer cell lines. 
qRT-PCR analysis showed that miR-181a expression in Colo 201 
cell lines was lower than other cell lines (data not shown). We 
then transfected pre-miR-181a into Colo 201 cells and analyzed 
miR-181a expression using qRT-PCR. miR-181a levels were 
significantly higher 24 and 48 h in the transfected cells than in the 
cells treated with a pre-miR negative control construct (Fig. 3A). 
The expression levels of PTEN were significantly suppressed in 
the cells that overexpressed miR-181a (Fig. 3B).

Discussion

The resutls from the present study showed that miR-181a 
expression was an independent significant prognostic factor in 

Table II. Univariate and multivariate analyses of overall survival in colorectal cancer patients (n=162).

	 Univariate analysis	 Multivariate analysis
	 --------------------------------------------------------------	 ---------------------------------------------------------------
Characteristic	 RR	 95% CI	 P-value	 RR	 95% CI	 P-value

Age (>65/<64 years)	 0.88	 0.63-1.26	 0.485	-	-	-  
Gender (female/male)	 0.91	 0.63-1.27	 0.579	-	-	-  
miR-181a expression (high/low)	 1.59	 1.11-2.35	 0.0102	 1.83	 1.26-2.76	 0.0013
Histological grade (poorly differentiated and other	 2.38	 1.44-3.61	 0.0016	 2.06	 1.18-3.41	 0.0133
grades/well and moderately differentiated)
Tumor size (>31/<30 mm)	 2.37	 1.30-5.89	 0.0022	 1.3	 0.67-3.31	 0.4804
Lymph node metastasis (positive/negative)	 2.81	 1.87-4.60	 <0.0001	 1.62	 1.02-2.79	 0.0427
Lymphatic invasion (positive/negative)	 2.18	 1.52-3.23	 <0.0001	 1.91	 1.24-3.04	 0.0033
Venous invasion (positive/negative)	 2.1	 1.47-2.95	 0.0001	 1.85	 1.25-2.73	 0.0025
Liver metastasis (positive/negative)	 2.65	 1.86-3.73	 <0.0001	 2.48	 1.65-3.74	 <0.0001

RR, relative risk.

Figure 3. (A) miR-181a expression was analyzed in Colo 201 cells after transfection with pre-miR-181a or the negative control construct. miR-181a expression 
was low in the pre-miR-181a group at 24 and 48 h. (B) PTEN expression was measured in Colo 201 cells 24 h after transfection.
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CRC. miR-181a expression did not correlate with clinicopatho-
logical parameters, some of which were prognostic factors. 
These data suggest that miR-181a can affect prognosis via 
unknown mechanisms. Additional experiments showed that 
PTEN was a candidate target gene of miR-181a.

miR-181a has been shown to be upregulated in thyroid 
cancer (16,17) and non-small cell lung cancer (7) and down-
regulated in glioma cells (18). Kanaan  et  al  (19) reported 
that miR-181a is upregulated during the progression from 
non-neoplasia to dysplasia in inflammatory bowel disease-
associated CRC, whereas miR‑181a expression decreases when 
dysplasia develops into cancer. In the present study, we found 
no differences in miR‑181a expression in normal and cancer 
tissue. Xi et al (8) used miRNA expression array analysis to 
compare HCT-116 and null-p53 HCT-116 cells and found that 
miR-181a was controlled in part by the p53 gene. These find-
ings show that miR-181a may be related to the carcinogenesis 
of CRC. However, the upstream regulators of miR-181a expres-
sion remain unknown. In this study, we analyzed miR-181a 
expression and prognosis in CRC and found that miR-181a 
upregulation correlated with worse prognosis. miR-181a 
expression was not associated with clinicopathological factors. 
Although miR‑181a expression could not be used as a detec-
tion marker for CRC, miR‑181a might be a new independent 
prognostic factor in CRC patients.

The reported target genes of miR-181a in acute myeloid 
leukemia are HOXA7, HOXA9, HOXA11 and PBX3 (20). 
Pekarsky et al (21) suggested that T cell leukemia/lymphoma 1 
(TCL1) expression in chronic lymphocytic leukemia is regu-
lated, at least in part, by miR-181a and that miR‑181a may be 
used as a therapeutic target. In the present study, we detected a 
different candidate target gene for miR-181a in CRC, namely, 
PTEN. Since miR‑181a expression wadids not correlate with 
clinicopathological parameters, miR-181a may influence the 
malignant potential of CRC by controlling PTEN expression.

PTEN is a key tumor suppressor gene, and the loss of 
PTEN gene expression has been implicated in the carcino-
genesis of numerous types of cancer. Specifically, the loss 
of PTEN expression has been linked to a poorer prognosis 
in gliomas (22), endometrial carcinomas (23), prostate carci-
nomas (24), gastric carcinomas (25), as well as CRC (26). 
Furthermore, PTEN plays a critical role in apoptosis, cell cycle 
arrest, cell migration and cell spreading (27). The subcellular 
localization of PTEN has been related to tumor progression, 
and it is thought that nuclear PTEN regulates cell cycle arrest 
while cytoplasmic PTEN regulates apoptosis (28). Therefore, 
miR-181a, which may control PTEN expression, may be a 
therapeutic target in CRC.

In conclusion, our results show that miR-181a expression 
does not correlate with clinicopathological characteristics. 
However, the data suggest that miR-181a expression may be a 
useful prognostic marker in CRC patients. Further studies are 
required to investigate the potential of miR-181a as a thera-
peutic target in CRC.
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