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MicroRNA-140-5p inhibits tumor growth and metastasis by 
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ABSTRACT

Background and aims: The aberrant expression of miR-140-5p has been described 
in colorectal cancer (CRC). However, considering that various protein coding genes 
are targeted by one miRNA, the role of miR-140-5p in CRC remains unclear. In this 
study, the biological function and prognostic relevance of miR-140-5p in CRC was 
investigated.

Methods: miR-140-5p level was determined in 100 paired fresh specimens 
through quantitative real-time PCR. FGF9 as the target of miR-140-5p was verified 
through a dual luciferase reporter assay, and the effects of miR-140-5p and FGF9 on 
phenotypic changes in CRC cells were investigated in vitro and in vivo.

Results: Compared with that in adjacent normal tissues, miR-140-5p expression 
decreased in cancerous tissues. The down-regulated miR-140-5p in 100 patients with 
CRC was significantly correlated with the reduced overall survival of these patients. 
miR-140-5p inhibits CRC cell proliferation, migration and invasion by targeting FGF9.

Conclusions: miR-140-5p serves as a potential prognostic factor in patients with 
CRC. FGF9 regulated by miR-140-5p is a novel mechanism behind the promoting 
effects of FGF9 in CRC.

INTRODUCTION

Colorectal cancer (CRC) is one of the most common 
human cancers in the world. It ranks as the third most 
commonly diagnosed cancer in males and the second in 
females, with an estimated 1.4 million cases and 693,900 
deaths occurring in 2012 [1]. In recent years, decreasing 
colorectal cancer mortality rates have been observed 
in a large number of countries worldwide and are most 
likely attributed to colorectal cancer screening, reduced 
prevalence of risk factors, and/or improved treatments 
[2, 3]. However, its long-term prognosis remains 
unsatisfactory, mainly due to the high recurrence and 
metastasis rate [4]. It has been generally accepted that the 

invasive and metastatic potentials of cancer are mostly 
attributed to the differences of pathological and molecular 
characteristics [5]. However, the molecular mechanisms 
for CRC development and prognosis are still unclear.

MicroRNAs (miRNAs) are a class of small, 
endogenously expressed, well-conserved noncoding 
RNA molecules with 18–25 nucleotides (nt). They play 
important regulatory roles by targeting mRNAs for 
cleavage or translational repression [6]. Given that more 
than 50% of miRNAs are located in cancer-associated 
genomic regions or in fragile sites, miRNAs may play an 
important role in cancer pathogenesis [7]. Indeed, aberrant 
miRNA expression has been demonstrated in CRC, which 
contributes to carcinogenesis and cancer development 
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by promoting oncogene expression or by inhibiting 
tumor suppressor genes [8–11]. Expression profiling 
of tumors and normal tissues has revealed a possible 
tumor suppressive role for miR-140-5p in many cancers, 
including ovarian cancer [12], lung cacner [13, 14], CRC 
[15, 16], osteosarcoma [15], hepatocellular carcinoma 
[17], breast cancer [18], esophageal cancer [19] and basal 
cell carcinoma [20]. Although miR-140-5p is generally 
accepted as a tumor suppressor, an oncogenic role of miR-
140-5p has also been implicated depending on different 
cell context [21–24]. Based on these many controversial 
issues and considering that various protein coding genes 
are targeted by one miRNA, the precise mechanism of 
miR-140-5p in CRC still need to be further investigated.

This study was to examine the effects and 
mechanism of miR-140-5p on the migration and invasion 

of CRC and to evaluate the miR-140-5p expression and its 
prognosis value CRC patients.

RESULTS

miR-140-5p is down-regulated in CRC cell lines 
and tissues

To study expression of miR-140-5p in CRC cells 
and tissues, real-time polymerase chain reaction (PCR) 
were performed. 100 pairs of CRCs and corresponding 
ANCMTs were used here. miR-140-5p expression in 
CRC tissues was markedly lower than ANCMTs (Figure 
1A). Comparing samples with metastasis to nonmetastasis 
samples, metastasis samples have the lower expression of 
miR-140-5p (Figure 1B). Then, expression of miR-140-5p 

Figure 1: miR-140-5p expression is down-regulated in CRC and indicates poor prognosis. (A and C) Real-time PCR 
showed the expression of miR-140-5p is down-regulated in human CRC tumor tissues and cell lines. (B) miR-140-5p is down-regulated in 
metastasis cancer tissues. (D and E) OS and RFS of CRC patients with high or low miR-140-5p expression. Survival curve was calculated 
with the log-rank test.
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in CRC cells and human normal colorectal cell line were 
also detected. Compared with NCM460 cells, which are 
immortalized human normal colorectal cell line, miR-140-
5p was low-expressed in CRC cells (Figure 1C), which is 
consistent with the decreased miR-140-5p expression in 
CRC tissues. These data indicated that miR-140-5p was 
down-regulated in CRCs and it might be correlated with 
CRC invasion and metastasis.

Low miR-140-5p expression is associated with 
poor CRC clinicopathological features and 
shorter survival

We then estimated the association of miR-140-5p 
expression with clinicopathological features and survival 
of CRC patients. Our results showed that a low expression 
level of miR-140-5p was significantly associated with 
histological grade (Table 1). CRC patients in the low 
miR-140-5p expression group had shorter OS (Log 
Rank X2=16.073, p <0.001) and RFS rates (Log Rank 
X2=13.067, p<0.001) than patients in the high-expression 
group (Figure 1D and 1E). Furthermore, univariate and 
multivariate analysis revealed that histological grade, 
lymph node metastasis, TNM stage and low miR-140-
5p expression were independent risk factors for OS and 

lymph node metastasis, TNM stage and low miR-140-5p 
expression were independent risk factors for RFS of CRC 
patients after colorectal resection (Table 2 and Table 3).
These results fully demonstrated that miR-140-5p was 
closely correlated with poor survival and could be used as 
a novel independent prognosis biomarker for CRC patients 
after colorectal resection.

miR-140-5p supresses CRC cell proliferation, 
migration and invasion

To understand the function of miR-140-5P in CRC 
cells, we manipulated miR-140-5P expression in cells 
by ectopic expression and anti-miR-140-5p expression 
lentivirus. Ectopic miR-140-5P was constituently 
expressed in SW480 and SW620 cells named as SW480- 
miR-140-5P and SW620-miR-140-5p subsequently. 
Meanwhile, anti-miR-140-5p lentivirus was designed to 
silence miR-140-5P expression in HCT116 cells named as 
HCT116-anti-miR-140-5P subsequently. Expression level 
of miR-140-5P was identified by real-time PCR (Figure 
2A). We performed cell cycle analysis and revealed that 
miR-140-5p arrested the cells at G1 phase. Ectopic miR-
140-5p expression decreased the percentage of cells in 
G1 phase from 58% to 41% (P < 0.05) in SW480 cells 

Table 1: Correlations between miR-140-5p expression level and clinicopathological variables of 100 cases of CRC

Clinicopathologic variables miR-140-5p expression

n Low High P Value

Gender

  Male 69 38 31

  Female 31 12 19 0.133

Age(years)

  ≤60 66 30 36

  >60 34 20 14 0.209

Histological grade

  Well and moderate 18 5 13

  Poor and other 82 45 37 0.038

T stage

  T1-T2 41 17 24

  T3-T4 59 33 26 0.158

Lymph node metastasis

  Presence 53 28 25

  Absence 47 22 25 0.552

TNM stage

  I-II 35 21 14

  III-IV 65 29 36 0.145
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and from 61% to 41% (P < 0.05) in SW620 cells, but 
increased the percentage of cells in S phase phase from 
37% to 48% (P < 0.05) in SW480 cells and from 35% 
to 49% (P < 0.05) in SW620 cells, respectively (Figure 
2B). Compared to SW480 and SW620, SW480- miR-
140-5P and SW620-miR-140-5p had lower proliferation 
rate (Figure 2C). Consistently, SW480- miR-140-5P and 
SW620-miR-140-5p cells also formed fewer colonies in 
colony formation assay (Figure 2D). In contrast, HCT116-
anti-miR-140-5P cells had increased cell proliferation rate 
and clonogenicity capacity (Figure 2C, 2D). The wound-
healing and transwell assays were used to investigate 
migration and invasion capacity. Results showed that 
SW480- miR-140-5P and SW620-miR-140-5p cells had 
lower wound closure rate and more invasion cells than 
SW480 cells and SW620 cells, whereas HCT116-anti-
miR-140-5P cells had markedly increased migratory and 
invasive capacity (Figure 2E, 2F). It suggests that miR-
140-5P supresses CRC cell proliferation, migration, and 
invasion capacity.

FGF9 is targeted by miR-140-5p in colorectal 
cancer

Our previous study had showed that miR-140-5p 
suppressed tumor growth and metastasis by targeting 
MIR-140-5P in Hepatocellular carcinoma [17]. Therefore, 
we speculated that miR-140-5p might have the same effect 
in colorectal cancer. Firstly, we detected the expression 
of FGF9in CRC cells and tissues. Our data showed that 
FGF9 is significantly up-regulated in CRC tissues (Figure 
3A). And then, we constructed luciferase reporter assay 
system to detect whether miR-140-5p could binds to 
the 3’-UTR of FGF9 (Figure 3B). Our data showed that 
miR-140-5p remarkably reduced the wild type FGF9 
luciferase activity, whereas cells with mutant FGF9 3’-
UTR displayed much higher luciferase activity (Figure 
3C). Finally, we used western blotting analysis to further 
demonstrate that ectopic miR-140-5p dramatically 
suppressed the endogenous protein levels for FGF9 in SW-
480 cells (Figure 3D).

Table 2: The Cox regression analyses of overall survival (OS) and miR-140-5p expression level as well as 
clinicopathological parameters

Variables Univariable analysis Multivariable analysis

n HR (95% CI) P HR (95% CI) P

Gender

  Male 69 1

  Female 31 0.58 (0.31-1.09) 0.093 0.54 (0.27-1.09) 0.088

Age(years)

  ≤60 66 1

  >60 34 1.44(0.82-2.51) 0.203 NA NA

Histological grade

  Well and moderate 18 1 1

  Poor and other 82 2.01(1.07-3.77) 0.031 2.16(1.12-4.20) 0.022

T stage

  T1-T2 41 1

  T3-T4 59 1.12 (0.64-1.96) 0.703 NA NA

Lymph node metastasis

  Presence 53 1 1

  Absence 47 0.41 (0.23-0.72) 0.002 0.39 (0.21 -0.74) 0.004

TNM stage

  I-II 35 1 1

  III-IV 65 3.15 (1.79-5.56) <0.001 2.54(1.36-4.77) 0.004

miR-140-5p expression

  High 50 1 1

  Low 50 3.19 (1.76-5.79) <0.001 2.96 (1.58-5.54) 0.001
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Ectopic miR-140-5p expression in FGF9 
transduced cells attenuated the effect of FGF9 
on CRC growth and metastasis

Then, we want to further confirm the effect of miR-
140-5p on invasion, metastasis and growth of colorectal 
cancer is through by targeting FGF9. Therefore, we 
transduced ectopic FGF9 into miR-140-5p transduced 
SW480 cells by FGF9 lentiviral expression vector. We 
detected the expression of FGF9 by real-time PCR (Figure 
4A). We found that ectopic FGF9 expression in miR-140-5p 
transduced cells attenuated the inhibitory effect of miR-140-
5p on CRC growth and metastasis (Figure 4B-4F). Taken 
together, our data suggest that MiR-140-5P may inhibit 
tumor growth and metastasis by targeting FGF9 in CRC.

DISCUSSION

Invasion and metastasis are responsible for the 
vast majority of cancer associated deaths [25]. Mounting 

studies have indicated that miRNAs can play crucial roles 
in epigenetic regulation of tumor-related gene expression 
and could act as an effective biomarker for the tumor 
diagnosis, prognosis or even therapy [26–28]. It has been 
reported that miR-140-5p play an important role in cellular 
function, including growth, invasion, metastasis and EMT 
[13, 17, 19, 29]. The aberrant expression of miR-140-5p is 
a frequent event in various kinds of cancers, suggesting an 
important role for miR-140-5p in the tumor initiation and 
progression [13, 17, 19, 29].

However, the molecular signifcance and the role 
in CRC metastasis of miR-140-5p are still elusive. In the 
current study, we used qRT-PCR to show that miR-140-
5p levels in colorectal cancer tissues were significantly 
lower than those in non-tumor tissues. Moreover, the miR-
140-5p levels were associated with histological grade. 
Kaplan–Meier survival analysis revealed that patients 
whose primary tumors displayed low expression of miR-
140-5p had shorter OS and RFS in CRC. In addition, 
Cox proportional hazards regression analysis showed 

Table 3: The Cox regression analyses of disease-free survival (DFS) and miR-140-5p expression level as well as 
clinicopathological parameters

Variables Univariable analysis Multivariable analysis

n HR (95% CI) P HR (95% CI) P

Gender

  Male 69 1

  Female 31 0.60 (0.32-1.11) 0.104 NA NA

Age(years)

  ≤60 66 1

  >60 34 0.93(0.52-1.68) 0.809 NA NA

  Histological grade

  Well and moderate 18 1

Poor and other 82 1.34(0.67-2.68) 0.408 NA NA

T stage

  T1-T2 41 1

  T3-T4 59 1.20 (0.68-2.12) 0.533 NA NA

Lymph node metastasis

  Presence 53 1 1

  Absence 47 0.54 (0.30-0.95) 0.033 0.55 (0.30 -0.99) 0.046

TNM stage

  I-II 35 1 1

  III-IV 65 2.69 (1.48-4.91) 0.001 2.22(1.19-4.13) 0.012

miR-140-5p expression

  High 50 1 1

  Low 50 2.84 (1.57-5.11) 0.001 2.79 (1.54-5.08) 0.001
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that decreased miR-140-5p in tumors was a strong and 
independent predictor of shorter OS and RFS. The results 
derived from in vitro cell proliferation, colony formation, 
migration, invasion assays also showed that ectopic miR-
140-5p expression inhibits the potency for CRC cell 
proliferation and metastasis, while blocked miR-140-5p 
expression showed the opposite effect. Next, we used 
luciferase reporter assay, western blot analysis to prove 
that FGF9 is the target gene of miR-140-5p in CRC. 
Moreover, our data showed that reintroduction of FGF9 

could partly abolish the effect of miR-140-5p on CRC. Our 
findings also suggest that miR-140-5p could potentially be 
used as a biomarker to clinically predict metastasis and 
survival prognosis for the patients with CRC.

In conclusion, miR-140-5p is down-regulated 
in CRC and possesses the potency to suppress CRC 
growth and metastasis which are through targeted 
FGF9. Therefore, miR-140-5p could function as a tumor 
suppressor in CRC. The identification the role of miR-140-
5p/FGF9 in CRC would help in better understanding of 

Figure 2: miR-140-5p inhibits proliferation and metastasis of CRC in vitro. (A) Expression level of miR-140-5p was identified 
by real-time PCR in SW480, SW480-miR-140-5p, SW620, SW620-miR-140-5p, HCT116 and HCT116-anti-miR-140-5p cells. (B) The 
cell cycle distribution of SW480, SW620, HCT116 cells infected with miR-140-5p lentivirus or control vector were analyzed as described 
in Metrials and Methods. (C and D) Proliferation of SW480-miR-140-5p, HCT116-anti-miR-140-5p cells and control cells was examined 
by cell proliferation and colony formation assays. (E) Wound-healing assay and (F) transwell invasion assay were subjected to detect the 
migration and invasion capacity of miR-140-5p-interfered cells. *P < 0.05 based on the Student t test.
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Figure 3: FGF9 are direct downstream targets for miR-140-5p. (A) The expression levels of FGF9 in CRC and ANCMTs were 
analyzed by real-time PCR. (B) miR-140-5p and its putative binding sequence in the 3’-UTR of FGF9. The mutant miR-140-5p-binding 
site was generated in the complementary site for the seed region of miR-140-5p. (C) Relative luciferase activity was analyzed. HEK293T 
cells were cotransfected with pGL3 (vector) or pGL3-miR-140-5p, firefly luciferase reporter containing either a wildtype or a mutant 3’-
UTR (indicated as WT or Mut on the X axis), and a Renilla luciferase expressing construct (as internal control to calibrate the differences in 
both transfection and harvest efficiencies). The firefly luciferase activity of each sample was normalized to the Renilla luciferase activity. 
The normalized luciferase activity of wildtype pGL3-transfectants in each experiment was set as relative luciferase activity. (D) Western 
blot results of endogenous FGF9 proteins in HEK293T cells infected with miR-140-5p lentivirus or vector control. *P < 0.05 based on the 
Student t test.

Figure 4: Both gain- and loss-of-function studies showed that FGF9 abrogates the suppressive roles of miR-140-5p in 
CRC cell proliferation, migration and invasion. (A) Expression level of FGF9 was identified by western blot in SW480-miR-140-
5p and SW480-miR-140-5p + FGF9 cells. (B) Cell cycle distribution assay was performed to detect the cell cycle of above cells. (C and 
D) Proliferation of SW-480, SW-480-miR-140-5p and SW-480-miR-140-5p + FGF9 cells was examined by cell proliferation and colony 
formation assays. (E) Wound-healing assay and (F) transwell invasion assay were subjected to detect the migration and invasion capacity 
of FGF9-interfered cells. *P < 0.05 based on the Student t test.
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the molecular mechanisms underlying CRC development, 
which would provide us a wider prospective on CRC 
intervetion/prevention and treatment.

MATERIALS AND METHODS

A total of 100 pairs of fresh CRCs and adjacent 
nontumor colorectal mucosa tissues (ANCMTs) obtained 
from consecutive patients who have received colorectal 
resection for CRC at the Department of Geriatric Surgery, 
Xiangya Hospital of Central South University (CSU) 
from January 2010 to October 2010. Diagnosis of CRC 
was confirmed by two independent histopathologists. In 
total 78 males and 22 females with a median age of 47.5 
years (range: 20-81) were included for the study. The 
related clinicopathological characteristics of these samples 
are presented in the Table 1. Prior informed consent was 
obtained and the study protocol was approved by the 
Ethics Committee of Xiangya Hospital of CSU.

Cell Lines and Cell Culture. Human CRC cell lines 
SW620, SW480, HT29, HCT116 cells were purchased 
from the cell bank of the Chines Academy of Sciences 
(Shanghai, China). NCM460 cell was purchased from 
American INCELL Corporation. These cells were cultured 
in High glucose Dulbecco’s modified Eagle media 
(GIBCO BRL, Gaithersburg, MD, USA) supplemented 
with 10% fetal bovine serum (HyClone, Logan, UT, USA) 
and 5% CO2 at 37°C.

Quantitative Real-time Quantitative PCR (qRT-PCR). 
qRT-PCR was performed using TaqMan® Universal PCR 
Master Mix (Ambion, TX, USA) and TaqMan® MicroRNA 
reverse transcription kit as instructed. Real time RT-PCR 
was performed using a PRISM 7300 Sequence Detection 
System (Applied Biosystems, CA, USA), in which each 
reaction (25 ul) contained 10ul PCR Master Mix (Ambion, 
TX,) and 1.33ul RT product, and each sample was analyzed 
in triplicates. PCR was carried out at 95°C for 10 min, 
followed by 40 cycles of amplification at 95°C for 15 s and 
60°C for 60 s. Results are representative of two independent 
assays. Relative fold changes of expression in tumor tissues 
against nontumor samples and among different cell lines 
were calculated using the comparative Ct (2– ∆∆Ct) method 
with U6 small nuclear RNA (Ambion, TX, USA) as the 
endogenous control.

Western Blotting analysis. Total proteins were 
extracted and separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and 
then transferred onto PVDF membrane (Millipore, 
Bedford, MA, USA). The blotted membranes were 
incubated with antihuman FGF9 antibody (1:1000, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), and then 
probed with a secondary antibody (1:3000, Santa Cruz 
Biotechnology) Beta-actin was used as a loading control.

Immunohistochemistry. Formalin-fixed paraffin 
sections were stained for FGF9 using the streptavidin-
peroxidase system (Zhong-shan Goldenbridge 

Biotechnology, Beijing, China). Negative control slides 
were probed with goat serum followed by the secondary 
antibody under the same conditions. The expression levels 
of FGF9 were scored using a 4-point scale according to 
the percentage of positive gastric cell: 0, ≤10% positive; 
1+, 11% to 25% positive; 2+, 26% to 50% positive; 3+, 
≥51% positive. The protein expression of FGF9 was thus 
considered negative if scored 0 or 1+ and 2+ or 3+ were 
considered positive.

Follow-up and Prognostic Study. Follow-up data 
were obtained after colorectal resection for all 100 
patients. The average observation time for overall survival 
and disease-free survival were 40 months (10 to 84 
months) and 31 months (8.5 to 84 months), respectively. 
Among all patients analyzed, 31 of which were died 
during the follow-up period, while 42 patients were 
found with tumor recurrence. The follow-up period was 
defined as the interval between the date of operation and 
the deadline (December 2017). Recurrence and metastasis 
were diagnosed by clinical examination, colonoscope, 
ultrasonography and computed tomography (CT) scan. 
To determine factors influencing survival after colorectal 
resection, 7 conventional variables were tested in all 100 
patients, which include gender, age, histological grade, T 
stage, lymph node metastasis, TNM stage and miR-140-5p 
expression levels.

Vector Construction and Cell Transfection. The 
DNA fragment for miR-140-5p was amplified from 
genomic DNA and inserted into the Age I/EcoR I site of a 
lentiviral expression vector pCRCSIL-GFP (GeneChem, 
Shanghai, China). The FGF9 expression vector were 
constructed by inserting their ORF sequence into the 
pCRCL vector (GeneChem, Shanghai, China). Cell 
transfection was performed according to the protocol 
of manufactures. Viruses were harvested 72 hours after 
transfection and viral titers were determined (1×109) TU/
ml). 1×105 cells were infected with 2×106 lentivirus in the 
presence of 6ug/ml polybrene (Sigma, MO). In the present 
study, the infection efficiency of lentivirus was over 90%. 
There were no significant cell death been observed after 
virus infection, and bulk transfectants were used for 
subsequent assays. For luciferase analysis, the 3’-UTR 
sequence of FGF9 were amplified from human stomach 
genomic DNA and then cloned into the downstream region 
of a firefly luciferase cassette in the pGL3-Promoter vector 
(Promaga, Madison, WI, USA) as instructed.

Cell cycle analysis. 5 × 105 cells were seeded in 6-well 
plates and incubated for 24 h. Then cells were harvested 
and fixed with cold 70% ethanol at - 20°C overnight. After 
washing, cells were stained in a solution containing PI (0.5 
mg/mL) and RNase A (10 mg/mL). Then cells were filtered 
through a 70 μM cell strainer immediately prior to flow 
cytometry, which was carried out on a FACS caliber flow 
cytometer (BD Biosciences, San Jose, CA, USA).

Cell Proliferation and Colony Formation Assays. 
Cell proliferation was determined by counting the number 
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of cells using TC10TM automated cell counter (Bio 
Rad, CA). For colony formation assays, 500 cells were 
seeded into 35mm dishes (Corning, NY) and cultured for 
2 weeks at 37°C. The numbers of colonies per dish were 
counted after staining with crystal violet. All studies were 
conducted with 3 replicates.

In Vitro Wound Healing (Migration) and Invasion 
Assays. Cells were seeded onto 35mm dishes coated with 
fibronectin. After the cells reached 100% confluence, 
wound healing assays were performed with a sterile pipette 
tip to make a scratch through the confluent monolayer. 
Medium was changed and the cells were cultured for 
another 48 hours. The percent of wound closure was 
calculated for five randomly chosen fields. For the invasion 
assay, 1×105 cells in serum-free medium containing 0.1% 
bovine serum albumin were placed into the upper chamber 
of the insert with Matrigel (BD Biosciences, MA). After 
64 hours of incubation at 37°C, the cells remained in the 
upper chamber or on the upper membrane were removed. 
The number of cells adhering to the lower membrane of the 
inserts was counted after staining with a solution containing 
0.1% crystal violet and 20% methanol.

Luciferase Reporter Assay. Luciferase activity was 
assessed according to the Dual-Luciferase Reporter Assay 
protocol (Promega, Madison, WI) using a Veritas™ 96-
well Microplate Luminometer (Promega, Madison, 
WI) with substrate dispenser (Promega, Madison, WI). 
HEK293T cells transduced with leti-miR-140-5p or 
control virus were seeded in 96-well plates with 70% 
confluence. 12 hours later, the cells were cotransfected 
with 50 ng pGL3-UTR and 10 ng pRLTK using the 
Lipofectamine LTX. After 24 hours of transfection, the 
cells were harvested for firefly and Renilla luciferase 
activity assay. The renilla luciferase activities were used 
to normalize the transfection efficiency.

Statistical analysis. Statistical analysis was 
performed using the SPSS (version 13.0, Chicago, IL, 
USA). Data for miR-140-5p expression in fresh specimens 
were analyzed using the Mann–Whitney U-test. Fisher’s 
exact test was used for statistical analysis of categorical 
data. Spearman correlation test was used for analyzing the 
correlations between miR-140-5p expression level and 
the clinical and pathological variables. Survival curves 
were constructed using the Kaplan–Meier method and 
evaluated using the log-rank test. The cox proportional 
hazard regression model was used to identify factors that 
were independently associated with overall survival and 
disease-free survival. In any case, P<0.05 was considered 
with statistical significance.

Abbreviations

FGF9, fibroblast growth factor 9; miR-140-5p, 
microRNA-140-5p; ANCMT, adjacent nontumorous 
colorectal mucosa tissuse; CRT, colorectal tumor; qRT-
PCR, Real-time quantitative PCR.
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