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Abstract
We are just beginning to understand how microRNAs (miRNAs) are involved in
tumor-related processes in humans. Applying real-time RT-PCR, we investigated the
miR-31, miR-143 and miR-145 expression in 98 primary CRC specimens, along with
the corresponding normal mucosa specimens, and analyze the relationship of their
expression with clinicopathological features. Our results showed the miR-31
expression was up-regulated in CRC compared to normal mucosa (p = 0.001).
Furthermore, miR-31 expression was positively related to advanced TNM stage (p =
0.026) and deeper invasion of tumors (p = 0.024). MiR-145 was down-regulated in
both colon (p = 0.001) and rectal (p = 0.012) cancer. MiR-143 was only
down-regulated in colon cancer (p = 0.023) but not in rectal cancer (p = 0.351). There
was no relationship of miR-143 and miR-145 expression with other
clinicopathological features (p > 0.05), except that the miR-145 expression was
related to cancer site (p = 0.03). In conclusion, the miR-31 overexpression may be
involved in the development and progression of CRC. The miR-143 and miR-145
may play a certain role in the development of colon and/or rectal cancers but not in
progression of the disease.

Key Words: microRNA; colorectal cancer; tumor stage; real-time RT-PCR
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1. Introduction

MicroRNAs (miRNAs) are non-coding, single-stranded RNAs of ~22 nucleotides
function as posttranscriptional gene regulators, and are found in plants, animals and
humans [1]. So far, 695 miRNAs in humans have been identified according to the
miRBASE (release 12.0, September, 2008, http://microrna.sanger.ac.uk). More and
more studies have shown that miRNAs take part in the regulation of cellular
development, differentiation, proliferation, and apoptosis [2-5]. In 2002, Calin et al.
found that the miR-15a and miR-16-1 were either absent or down-regulated in 68% of
patients with B-cell chronic lymphocytic leukemia, and they provided the initial
evidence for the involvement of miRNAs in human malignancy [6]. From then on,
increasing evidence indicates that aberrant expression of miRNAs present in different
types of cancers, including colorectal, lung, breast, pancreatic, cervical, ovarian and
prostate cancers [7-13]. Furthermore, it has been shown that miRNAs can function as
tumor suppressors or oncogenes, and repress the expression of important
cancer-related genes, and might prove useful biomarkers in the diagnosis and
treatment of cancers [14, 15].
MicroRNA-31 (miR-31), located at chromosome 9p21.3, was first identified in
HeLa cell [16]. Bandrés et al. found the miR-31 was up-regulated in 12 pairs of
colorectal cancers (CRCs) and non-tumoral mucosa samples from the patients, and
tumors with TNM stage IV (n = 5) had a significantly up-regulated miR-31
expression than those with stage II (n = 5) [17]. In contrast to this, another study

3

Wang et al
found no association between miR-31 expression levels and the TNM stage [18].
MicroRNA-143 (miR-143) and microRNA-145 (miR-145), located at chromosome
5q32, were first identified in mouse [19]. Shortly after, both of them were verified in
humans, and demonstrated significantly reduced levels at the adenomatous and cancer
stages of colorectal neoplasm [7]. From then on, miR-143 and/or miR-145 aberrant
expression have/has been documented in diverse human malignancies, including not
only clinical specimens such as breast [9], cervical [11], ovarian [12] and prostate
cancers [13], B-cell malignancies [20], but also human cell lines such as colon,
cervical, hepatic, prostate cancers, and neuroblastoma as well as various leukemia
[21]. The miRNAs which have roles in cancer development are designated as
oncogenic miRNAs (oncomiRs) [22], therefore miR-143 and miR-145 are possible
common oncomiRs since their aberrant expression has been found in various human
malignancies [21]. Furthermore, miR-145 was progressively down-regulated from
normal breast to cancer with high proliferation index, which implicated the miR-145
had a relationship with clinical parameters in breast cancer [9].
Since the mature miRNAs are only ~22 nucleotides in length, they can not be
detected by the conventional reverse transcription (RT)-PCR. A mature miRNA
quantification method has been developed using stem-loop RT followed by TaqMan
PCR analysis. First, the stem-loop RT primer is hybridized to a miRNA molecule and
then reverse transcribed with the reverse transcriptase. Next, the RT products are
quantified using conventional TaqMan PCR. This method is specifically quantifies
mature miRNA expression level with superior performance over existing conventional
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detection methods [23].
In this study, we used stem-loop RT-PCR to quantify the miR-31, -143 and -145
expression in a series of 98 primary CRCs, along with the corresponding normal
mucosa. Our aim was to investigate the miR-31, -143 and -145 expression in CRC
and their relationships to clinicopathological variables in the patients.
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2. Materials and methods

2.1. Patients and tissue samples

The study included 98 patients with primary CRC diagnosed and treated at the
West China Hospital, Chengdu, China, between 2005 and 2006. For each case,
samples from primary tumor and the corresponding normal colorectal mucosa were
collected for comparison. All samples were flash-frozen in liquid nitrogen, and stored
at -80 oC. The samples were examined for the presence of tumor cells, usually tumor
cells were at least around 80%, at the Department of Pathology in the West China
Hospital. The eligible tumors must be primary CRC with no preoperative radiotherapy
or chemotherapy. This study was carried out with Medical Ethical Committee
approval and informed consent in writing was obtained from each patient. The
patient’s gender, age, tumor site, TNM stage, local invasion, vessel invasion,
differentiation and sera carcinoembryonic antigen (CEA) were obtained from surgical
and pathological records from the Hospital. The mean age was 54.3 years (ranging
from 24 to 83). Local invasion was classified as tumor invading submucosa (T1),
muscularis propria (T2), through muscularis propria into subserosa or into
non-peritonealized pericolic or perirectal tissues (T3), and into other organs or
structures and/or perforated visceral peritoneum (T4) [24]. Differentiation was graded
as better (including well and moderately differentiated tumors) and worse (including
poorly differentiated, mucinous and signet-ring cell carcinoma). CEA values were
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obtained from 27 patients.

2.2. RNA extraction and reverse transcriptase reactions

Total RNA of CRC and the corresponding normal mucosa was isolated using TRI
reagent (Molecular Research Center, Inc., OH, USA) according to the manufacturer’s
instructions and treated with DNase I.
We designed miR-31, -143 and -145 stem-loop RT primers (supplementary Table 1)
according to the method developed by Chen et al., [23] and purchased the primers
from Invitrogen (Invitrogen Biotechnology Co., Ltd, Shanghai, China). To generate
cDNA of miRNA, 25 ng of RNA was first denatured at 70 oC with 50nM stem-loop
RT primer for 5 min before quenching on ice, and then 1 mM final of each of the four
deoxynucleotide triphosphates, 1 U/µl ribonuclease inhibitor, 10 U/µl M-MLV
reverse transcriptase and 1×M-MLV RT buffer (TaKaRa Biotechnology Co., Ltd,
Dalian, China) were added together to make up a final volume of 10µl reaction mix.
The reaction mix was incubated in PTC-100TM Programmable Thermal Controller
(MJ Research, Inc., MA, USA) for 30 min at 16 oC, 30 min at 42 oC. The reverse
transcriptase was inactivated at 85 oC for 5 min and then held at 4 oC.
To generate cDNA of 5S rRNA, 5 μg of RNA was first denatured at 70 oC with 2.5
mM random hexamers (TaKaRa Biotechnology Co., Ltd) for 5 min before quenching
on ice, and then 1 mM final of each of the four deoxynucleotide triphosphates, 1 U/µl
ribonuclease inhibitor, 10 U /µl M-MLV reverse transcriptase and 1×M-MLV RT
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buffer were added together to make up a final volume of 20µl reaction mix. The
reaction mix was incubated in PTC-100TM Programmable Thermal Controller for 10
min at 20 oC and 1 h at 42 oC. The reverse transcriptase was inactivated at 70 oC for 10
min and then held at 4 oC.

Supplementary table 1. The sequence of miR-31, miR-143 and miR-145 stem-loop RT primers
RT primer

Sequence

miR-31

5’-GTCGTATCCAGTGCTGGGTCCGAGTGATTCGCACTGGATACGACCAGCTA
-3’

miR-143

5’-GTCGTATCCAGTGCTGGGTCCGAGTGATTCGCACTGGATACGACTGAGCT
ACA-3’

miR-145

5’-GTCGTATCCAGTGCTGGGTCCGAGTGATTCGCACTGGATACGACAAGGG
ATTC-3’
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Supplementary table 2. Specific primers and probes for miRNAs and 5S rRNA
Sequence
miR-31
Forward primer

5’-ACGCGGCAAGATGCTGGCA-3’

Reverse primer

5’-CAGTGCTGGGTCCGAGTGA-3’

Probe

5’-FAM-TCGTATCCAGTGCGAATGACTC-TAMRA-3’

miR-143
Forward primer

5’-CCTGGCCTGAGATGAAGCAC-3’

Reverse primer

5’-CAGTGCTGGGTCCGAGTGA-3’

Probe

5’-FAM-TCGTATCCAGTGCGAATGACTC-TAMRA-3’

miR-145
Forward primer

5’-GGCGTCCAGTTTTCCCAG-3’

Reverse primer

5’-CAGTGCTGGGTCCGAGTGA-3’

Probe

5’-FAM-TCGTATCCAGTGCGAATGACTC-TAMRA-3’

5S rRNA
Forward primer

5’-TACGGCCATACCACCCTGA-3’

Reverse primer

5’-GGCGGTCTCCCATCCAA-3’

Probe

5’--FAM-CCCGACCCTGCTTAGCTTCCGA-TAMRA-3’
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2.3. Real-time PCR analysis for miRNAs expression

The miR-31, -143, -145 and endogenous control 5S rRNA primers and probes
(supplementary Table 2) were purchased from the Invitrogen. Theoretical basis
real-time PCR was performed using relative quantification protocol on an iCycer
iQTM System (Bio-Rad, CA, USA). The 30µl PCR included 1µl RT product, 0.33µM
TaqMan probe, 0.33µM forward primer, 0.33µM reverse primer, 1×buffer(Mg ++free),
0.3 mM each of the four deoxynucleotide triphosphates, 2.5 mM MgCL2, and 1.5u
rTaq DNA Polymerase (TaKaRa Biotechnology Co., Ltd). The reactions were
incubated in a 96 well plate at 94 oC for 3 min, followed by 40 cycles of 94 oC for 20s,
55 oC for 25s, and 60 oC for 35s. All reactions, including no-template control, were
run in triplicate. The PCR product of miRNA was about 60 bp in length and the
reference gene 5S rRNA was about 90 bp. The threshold cycle (Ct) is defined as the
fractional cycle number at which the fluorescence passes the fixed threshold. Equation
1 was applied to calculate the relative expression ratio of the target gene in a sample
versus a control in comparison to a reference gene [25].
Ratio=Etarget ∆CTtarget(control-sample)/Ereference∆CTref(control-sample)

1

Etarget and Eref, respectively represents the real-time PCR efficiency of target gene and
reference gene transcript. ∆CTtarget(control-sample), ∆CTref(control-sample) is the Ct deviation of
control minus sample of the target or reference gene transcript. To determine PCR
efficiency, five-fold dilution of CRC genomic cDNA and miRNA cDNA were diluted
for five times (1, 1:5, 1:25, 1:125, 1:625 and 1:3125). Both 5S rRNA and miRNA
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were amplified by real-time PCR using the identical conditions established for the
gene expression analysis. Plots were made of the log of the template concentration
versus the Ct, and the PCR efficiency was calculated from the slope of the line using
the Equation: E=10(-1/slope) [26]. The actual concentration of the template is not needed
when determining the efficiency as it depends only upon the slope of the line.

2.4. Statistical analysis

The relative expression analysis of target gene was performed using REST-XL
(Relative Expression Software Tool, available at
http://www.wzw.tum.de/gene-quantification). The expression ratio was calculated
according to the Equation 1, and then the data were presented as log10 of relative
quantity (RQ). Student’s t-test was performed using the SPSS 11.5 statistical software
package (SPSS, Inc., Illinois, USA) to test for the significance of the expression ratio
of miRNA with the clinicopathological features. Chi-square test was used to test
relationships of the combined expression of the miRNAs with clinicopathological
features. Tests were two-sided, and p < 0.05 was considered as statistically significant.
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3. Results

3.1. Expression of miRNA in CRC and the corresponding normal mucosa

In the equation 1 as described in the materials and methods section, the relative
expression ratio (R) was presented as the fold change in gene expression normalized
to an endogenous reference gene and relative to the control. Therefore, the value of
R>1.0 was considered to represent overexpression of miRNA in cancer relative to the
normal mucosa, R< 1.0 represent downexpression. Among 98 CRCs, 89 (91%)
cancers showed miR-31 overexpression, of which 62 (63%) cancers had >10 times
higher expression and 17 (17%) cancers had >100 times higher expression of miR-31,
relative to the normal mucosa; Fifty-six (57%) cancers showed miR-143
downexpression, of which 15 (15%) cancers had >10 times lower expression and 2
(2%) cancers had > 100 times lower; Sixty-six (67%) cancers showed miR-145
downexpression, of which 16 (16%) cancers had > 10 times lower expression and 4
(4%) cancers had >100 times lower.
To further compare the overall level of each miRNA expression in CRC relative to
normal mucosa, we put the Ct values for reference and target genes both in CRC and
normal mucosa into the REST-XL software, and chose 2000 as the randomization
number. The results of the randomization test showed that the miR-31 was
up-regulated in cancer compared to normal mucosa (R = 15.00, p = 0.001), the
miR-145 was down-regulated (R = 0.42, p = 0.001). The expression of miR-143 was

12

Wang et al
also down-regulated (R = 0.67) although the difference did not reach statistically
significance (p = 0.098, Table 1).

Table 1. Output of randomization test in normal mucosa and tumor from colorectal cancer patients
Patient

Ct T

Ct N

Expression ratio

(No)

Mean ± SD

Mean ± SD

(R)

miR-31

98

21.48 ± 8.61

25.43 ± 5.09

15.00

0.001

miR-143

98

14.88 ± 3.16

14.30 ± 4.54

0.67

0.098

miR-145

98

14.43 ± 3.53

13.14 ± 3.86

0.42

0.001

5S rRNA

98

14.90 ± 3.76

14.92 ± 4.50

p

T, tumor; N, normal mucosa; SD, standard deviation.

We further analyzed the expression level of miRNA in tumor compared to normal
mucosa according to tumor site. As shown in Table 2, the up-regulated miR-31 and
down-regulated miR-145 were seen in the both colon and rectum (p < 0.05), while the
down-regulated miR-143 was only seen in the colon (p = 0.023) but not in rectum (p
= 0.351).
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Table 2. Output of randomization test in normal mucosa and tumor according to tumor site

Colon

Patient

Ct T

Ct N

(No)

Mean ± SD

Mean ± SD

Expression ratio
(R)

p

17

miR-31

21.55±6.44

24.94±6.25

10.46

0.002

miR-143

15.96±1.76

14.34±3.44

0.34

0.023

miR-145

16.08±1.74

13.38±2.69

0.17

0.001

5S rRNA

14.71±3.17

14.68±1.71

miR-31

21.47±9.15

25.53±4.86

16.18

0.001

miR-143

14.66±3.18

14.29±4.82

0.77

0.351

miR-145

14.08±3.22

13.08±4.13

0.50

0.012

5S rRNA

14.94±3.91

14.97±5.10

Rectum

81

T, tumor; N, normal mucosa; SD, standard deviation.

3.2. Relationship between miRNA and clinicopathological features

The relative quantification values were transformed as log10, so the data were
normally distributed and Student’s t-test was verified between miRNA expression and
clinicopathological features. As shown in Table 3, the miR-31 expression was related
to TNM stage (p = 0.026) and local invasion (p = 0.024). The miR-31 expression was
higher in tumors having more advanced TNM stage and deeper invasion. The
14
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miR-145 expression was related to cancer site (p = 0.03), and had no relationship with
gender, age, TNM stage, local invasion, differentiation, vessel invasion and sera CEA
level (p > 0.05). MiR-143 expression had no relationship with the clinicopathological
features investigated (p > 0.05, Table 3).
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Table 3. Relationship between miR-31, miR-143, miR-145 expression and clinicopathological
features in colorectal cancer patients
miR-31
Variable

No

Mean ±SD

Gender

miR-143
p

Mean ±SD

0.589

miR-145
p

0.485

Mean ±SD

p
0.561

Male

51

1.226±1.095

-0.117±0.897

-0.333±0.850

Female

47

1.122±0.775

-0.241±0.849

-0.433±0.833

Age (yr)

0.304

0.202

0.355

≤55

45

1.284±0.892

-0.299±0.830

-0.467±0.781

>55

53

1.085±0.998

-0.072±0.902

-0.308±0.886

Site

0.459

0.128

0.030

Colon

17

1.020±0.873

-0.469±0.857

-0.780±0.726

Rectum

81

1.209±0.969

-0.115±0.868

-0.297±0.841

TNM staging

0.026

0.602

0.982

I + II

45

0.945±1.029

-0.226±0.946

-0.379±0.881

III + IV

53

1.372±0.841

-0.133±0.811

-0.383±0.810

Local invasion

0.024

0.112

0.321

T1+T2+T3

62

1.012±0.981

-0.283±0.901

-0.445±0.871

T4

36

1.459±0.837

0.008±0.800

-0.270±0.781

Vessel invasion

0.887

0.819

0.647

Yes

12

1.213±0.668

-0.122±0.808

-0.276±0.653

No

86

1.171±0.987

-0.184±0.885

-0.396±0.864

Differentiation

0.515

0.913

0.886

Better

69

1.135±0.922

-0.170±0.883

-0.373±0.845

Worse

29

1.273±1.028

-0.191±0.860

-0.400±0.840

CEA (ng/ml)

0.487

0.550

0.394

≤3.4

13

1.065±1.365

-0.213±1.040

-0.500±0.827

>3.4

14

1.350±0.637

-0.014±0.632

-0.271±0.522

SD, standard deviation; CEA, carcinoembryonic antigen.
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As the miR-143 and miR-145 expression were related to cancer site, we further
analyzed the relationship between miR-145 and clinicopathological features in colon
or rectal cancer. There was no any significant relationship (p > 0.05, data not shown).
We also examined the relationship of the combined expression of the three
miRNAs with clinicopathological features, namely, the cases with up-regulated
miR-31 and both down-regulated miR-143 and miR-145 (pattern1), the cases with
up-regulated miR-31 and down-regulated miR-143 (pattern 2) or with down-regulated
miR-145 (pattern 3), and the cases with both down-regulated miR-143 and miR-145
(pattern 4). None of the expressed patterns had a relationship with the
clinicopathological features (p > 0.05, data not shown).
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4. Discussion

Fig. 1. Correlation between miR-31 expression and TNM stage in patients with colorectal cancer.
Difference was significant between TNM stage I + II and stage III + IV (p = 0.026).

Current knowledge of molecular alterations that are important for CRC include
epigenetic and genetic changes in key tumor suppressors and oncogenes is extensive,
however, it still represents the tip of the iceberg of knowledge that needs to be
resolved for a complete understanding of the CRC pathogenesis, especially the nature
history [27]. The recently identified class of non-protein-coding small RNAs,
miRNAs, may provide a new insight in cancer research [28]. The body of expression
data for miRNAs in cancer available to date suggests that miRNAs may have a
diagnostic potential. However, initial expression studies focused on comparing normal
18
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tissues to tumors, to gauge diagnostic potential it will be more important to correlate
miRNA expression with tumor subtypes or clinical parameters [29].
In the present study, we analyzed 98 samples of CRCs and the corresponding
normal mucosa, including 17 cases of colon cancer and 81 of rectal cancer, to identify
the expression of miR-31, -143 and -145. MiR-31 was up-regulated in the majority of
the CRCs (91% of 98), which is in line with the previous two studies, one included 12
pairs of CRCs and non-tumoral mucosa samples [17], and the other included 29
primary colon cancers and 6 non-tumor adjacent tissue [18]. We also found that
miR-145 was down-regulated in either colon or rectal cancer, while miR-143 was
down-regulated in colon cancer, but not in rectal cancer. To our knowledge, this is the
first study to elucidate the difference of miR-143 expression between colon and rectal
cancer. Although previous four studies showed that the miR-143 and miR-145 were
down-regulated in CRC [7, 18, 22, 30], there were only 6 rectal cancers in the first
three studies, and the last one included only 4 CRCs, the location of which was not
elucidated. Taken together, these observations imply that the miR-31, miR-143 and
miR-145 may play a certain role in the development of colon and/or rectal cancer.
In our study, the miR-31 expression was not only related to TNM stage but also
related to tumor invasion. The level of miR-31 expression at TNM stage III and IV
was higher than that at stage I and II (Fig. 1). Bandrés et al. previously also examined
miR-31 expression in relation to tumor stage, but they only included 5 CRCs for each
stage II and IV, where tumors with stage IV had a significantly up-regulated miR-31
expression than those with stage II [17]. More recently, Slaby et al. found no
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association between miR-31 expression and TNM stage [18]. This discrepancy may
partly due to the specimens analyzed. The specimens studied by Slaby et al. were all
colon cancer (29 cases), and with 6 non-tumor adjacent mucosa as comparison. In our
study, the specimens included not only colon cancer (17 cases) but also rectal cancer
(81 cases). Furthermore, we found that the tumors which invaded adjacent tissues or
organs had more miR-31 expression than those limited to the wall of the colon and
rectum. The downexpression of miR-145 in colon cancer was lower than that in the
rectal cancer, and there was no relationship of miR-143 and miR-145 expression with
other clinicopathological variables. Thus, the miR-31 may be an important oncomiR,
which can cleavage or inhibit the targeted mRNAs of tumor suppressor gene(s), and
play a role in the progression of CRC. While the miR-143 and miR-145 were not
significantly involved in the progression of the disease.
The lack of knowledge about the targets for miR-31 hampered a full
understanding on the biological functions deregulated by miR-31 aberrant expression.
We used miRGen to predict gene targets [31], and it may be expected that the target of
miR-31 belong to the class of tumor suppressor genes or genes encoding proteins with
potential tumor suppressor functions. BAP1, a tumor suppressor gene that functions in
the BRCA1 growth control pathway [32]; HIF1AN, inhibits HIF1A transcriptional
activity [33]; MAPK transduction protein such as MAP4K5; RAS homologues
RAB14, RAB6B, and RASA1 were found as potential targets of miR-31. Interestingly,
DICER1, the RNA processing enzyme to produce the mature miRNAs [34], was one
of the potential targets too, suggesting that miR-31 may regulate the expression of
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other miRNAs. Clearly, further studies are required to determine the interactions of
miR-31 with their potential targets. MiR-143 negatively regulates ERK5 mRNA at
translational level [21]. Both insulin receptor substrate-1 (IRS-1) and type I
insulin-like growth factor receptor (IGF-IR) were experimentally verified the targets
of miR-145 in colon cancer lines, and the cells transfected with miR-145 had a
tendency to accumulate in the G2 phase of cell cycle [35]. Therefore, persistent
decreased levels of miR-143 and miR-145 might target the ERK5 or ISR-1, IGF-IR,
respectively, and may be directly involved in tumorigenesis of CRC.
In conclusion, miR-31 was up-regulated in CRC, especially in cancers with
advanced TNM stage and deeper invasion. MiR-145 was down-regulated both in the
colon cancer and rectal cancer, while miR-143 was only down-regulated in the colon
cancer. The miR-143 and miR-145 downexpression had no relationship with other
clinicopathological features, except that the miR-145 expression was related to cancer
site. The results indicate that miR-31 expression may be important in the development
and progression of CRC. While the miR-143 and miR-145 may play a certain role in
the development of colon and/or rectal cancers but not in progression of the disease.
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