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Summary

Purpose: The purpose of this study was to investigate the 
expression of microRNA (miR)-21 and miR-145 in serum 
and tumor tissues of patients with colorectal cancer (CRC), 
and to explore the correlation between the expression of 
these miRs and the clinicopathological parameters and 
prognosis of CRC patients.

Methods: Serum specimens, frozen tumor tissue and ad-
jacent normal tissue of 50 CRC patients who were hospital-
ized in our hospital from February 2009 to February 2011 
were collected, along with serum specimens of 30 healthy 
people (control). The expression levels of miR-21 and miR-
145 in serum, tumor tissues and adjacent normal tissues 
were detected by quantitative real time polymerase chain 
reaction (qRT-PCR). The correlation between the expres-
sion of the two miRs in serum was analyzed by Spearman 
method. The relationship between the expression of miR-
21 and miR-145 in serum and the pathological parameters 
and prognosis of patients with CRC were analyzed using 
clinical data.

Results: The expression level of miR-21 in CRC tissue was 
significantly higher than that in adjacent normal tissues, 
while the expression of miR-145 in CRC tissue was signifi-

cantly lower than that in adjacent normal tissues. The ex-
pression level of miR-21 in the serum of CRC patients was 
significantly higher compared with healthy people, while the 
expression of miR-145 in the serum of CRC patients was 
significantly lower than that in  healthy people. The expres-
sion of miR-21 and miR-145 in the serum was positively 
correlated with their expression in tumor tissue. High ex-
pression level of miR-21 in the serum was correlated with 
tumor size, grade of differentiation, invasion, metastasis 
and clinical stage, and low expression level of miR-145 in 
the serum was correlated with tumor size, grade of differen-
tiation, invasion, metastasis and clinical stage. The 5-year 
overall survival (OS) was 52% (26/50). Single factor sur-
vival analysis showed that miR-21 and miR-145 were the 
influencing factors of OS of patients with CRC.

Conclusions: High expression of miR-21 and low expres-
sion of miR-145 are closely related to the development and 
progression of CRC, especially with the grade of differen-
tiation, invasion, metastasis and clinical stage. MiR-21 
and miR-145 in the serum can be used as markers for early 
screening of CRC and indicators for prognosis prediction.
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Introduction

 As a common malignant tumor of the diges-
tive tract, the incidence and mortality of CRC are 
relatively high. Clinical data showed that CRC af-
fected about 1 million new patients and caused 
500,000 deaths in 2016 worldwide [1]. In recent 
years, with economic development and improve-
ment of people’s living standards in China, the 
incidence and mortality of CRC was steadily in-

creased, seriously affecting the health of people 
[2]. Early diagnosis of CRC is difficult, and metas-
tasis and recurrence rates are high. Current stud-
ies mainly focus on finding early diagnostic mark-
ers and new targets for treatment [3].
 MicroRNAs (miRs) are endogenous single-
stranded small molecule RNAs having no a coding 
function but can regulate the expression of target 
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genes at post-transcriptional level by specifically 
binding to the 3’UTR region of the target mRNA 
[4]. It has been reported that miRs play important 
roles in the regulation of various biological func-
tions and diseases, and the abnormal expression 
of some miRs are closely related to the prolifera-
tion, differentiation and apoptosis of tumor cells 
[5,6]. As a member of miR family, miR-21 is highly 
expressed in a variety of tumors and plays a key 
role in the proliferation, invasion and apoptosis of 
tumor cells. So miR-21 can be used as a prognos-
tic indicator for multiple tumors [7-9].MiR-145 is 
located on chromosome 5, and it has been shown 
that its expression was inhibited in a variety of 
tumors and was thought to be a tumor suppressor 
gene that regulated the proliferation and invasion 
of tumor cells by inhibiting the expression of tar-
get genes [10-12].
 However, the correlation between the expres-
sion of miR-21 and miR-145 in the serum and 
tumor tissues of patients with CRC and the rela-
tionship with pathological parameters and prog-
nosis of CRC  haven’t been reported yet. Therefore, 
in this study, quantitative real time polymerase 
chain reaction (qRT-PCR) was used to detect the 
expression of miR-21 and miR-145 in serum and 
tumor tissues of CRC patients, while the correla-
tion between the expression of miR-21 and miR-
145 was also explored. Combined with clinical 
data analysis, the effects of miR-21 and miR-145 
on the pathological parameters and prognosis of 
patients with CRC were studied.

Methods

Patients

 A total of 50 patients with CRC treated-followed 
up in our hospital from February 2009 to February 
2011 were included in this study. There were 29 males 
and 21 females with an average age of 52.3±8.7 years. 
All patients were subjected to surgical treatment and 
chemotherapy for the first time. A total of 30 healthy 
people including 17 males and 13 females were select-
ed as control group, and their average age was 54.6±9.5 
years. No significant differences in gender and age 
were found between CRC patients and the normal con-
trol group. Fasting peripheral venous blood (5 ml) was 
taken from patients and healthy people in the morning 
just before surgery. Blood samples were kept at room 
temperature for 30 min, followed by centrifugation 
at 3000 r/min for 10 min to collect the supernatant, 
which was kept at -80°C. Tumor tissue and adjacent 
normal tissue collected from CRC patients during sur-
gery were kept in liquid nitrogen. 
 This study was approved by the ethics committee 
of our institute and all patients or their family mem-
bers signed informed consent. Trizol kit, reverse tran-

scription kit and qRT-PCR kit were purchased from 
Invitrogen (Carlsbad, CA, USA), and primer synthesis 
was purchased from TaKaRa (Dalian, China).

QRT-PCR to detect the expression of miR-21 and miR-145 
in serum and tissue samples of patients

 Trizol reagent was used to extract total RNA from 
serum (100 μl), tumor tissue (100 mg) and adjacent 
normal tissue (100 mg) according to the manufactur-
er’s instructions. Absorbance value of each RNA sam-
ple as measured and only RNA samples with a ratio of 
A260/A280 between 1.8 and 2.0 were used for conse-
quent studies. Reverse transcription was performed to 
synthesize cDNA to serve as template for PCR reac-
tion. PCR was performed according to the instructions 
of qRT-PCR kit. All primers used in PCR are listed in 
Table 1. U6 RNA was used as endogenous control. PCR 
reaction conditions were: 94°C for 10 min, followed by 
45 cycles at 95°C for 15 s and 60°C for 30 s. The relative 
expression of the target gene was calculated using the 
following formula: ΔCt (target gene) = Ct (target gene) 
-Ct (control gene).

Analysis of the correlation between the expression of miR-
21 and miR-145 in serum and the pathological parameters 
and prognosis of CRC patients

 With the average expression level in serum of 
healthy controls as baseline (1), the average expression 
level of miR-21 was 2.34, and the average expression 
level of miR-145 was 1.72. Patients with significantly 
higher expression level than healthy controls were 
classified as high expression group, while patients 
with significantly lower expression level than healthy 
controls were classified as low expression group. Chi 
square test was performed to analyze the correlation 
between the expression of miR-21 and miR-145 and the 
pathological parameters of the patients. Patients were 
followed up once a month for 5 years after surgery. No 
patients were missed.

Statistics

 Data were processed using SPSS 17.0 software. 
Count data between groups were compared using x2 
test. Measurement data were expressed as mean ± stan-

Table 1. QRT-PCR PCR primer sequences

Genes Primer sequences

miR-21 Forward: 
5’-ACACTCCAGCTGGGTAGCTTATCAGACTG-3’

Reverse:
5’-TGGTGTCGTGGAGTCG-3’

miR-145 Forward:
5’-CAGCATACATGATTCCTTGTA-3’

Reverse:
5’-CTTTGGTGTTTGAGATGTTTGG-3’

U6 Forward: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’

Reverse:
5’-CGCTTCACGAATTTGCGTGTCAT-3’
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dard deviation and t-test was used for comparisons 
between two groups. Correlation analysis was per-
formed by Pearson’s correlation analysis. Single factor 
survival analysis was performed using Kaplan-Meier 
method and p<0.05 was considered to be statistically 
significant.

Results 

Expression of miR-21 and miR-145 in serum detected 
by qRT-PCR

 As shown in Figure 1, the expression level of 
miR-21 in the serum of CRC patients was signifi-
cantly higher than in healthy controls, and the ex-
pression level of miR-145 in the serum of CRC pa-
tients was significantly decreased compared with 
healthy controls (p<0.01).

Expression of miR-21 and miR-145 in tumor tissue 
detected by qRT-PCR

 As shown in Figure 2, compared with adjacent 
healthy tissue, the expression level of miR-21 was 
significantly increased and the expression level of 
miR-145 was significantly decreased in tumor tis-
sue (p<0.01).

Correlation between the expression of miR-21 and 
miR-145 in serum and their expression in tumor tis-
sue of CRC patients

 The correlation between the expression of 
miR-21 and miR-145 in the serum and their ex-
pression in tumor tissue of CRC patients was ana-
lyzed by Pearson’s correlation analysis. As shown 
in Table 2, the expression of miR-21 and miR-145 
was significantly positively correlated with their 
expression in tumor tissue (p<0.01).

Figure 1. Expression of miR-21 and miR-145 in serum 
detected by qRT-PCR (A) Expression of miR-21 in serum; 
(B) Expression of miR-145 in serum. The expression level 
of miR-21 was significantly increased and the expression 
level of miR-145 was significantly decreased in serum 
compared with healthy control. **compared with healthy 
control, p<0.01

A

B

Table 2. Correlation between the expression of miR-21 
and miR-145 in serum and their expression tumor tissue 
of patients with colorectal cancer

Serum Tumor tissue r p value

miR-21 miR-21 0.763 <0.01

miR-145 miR-145 0.558 <0.01

Figure 2. Expression of miR-21 and miR-145 in tumor tis-
sue and adjacent healthy tissue detected by qRT-PCR. (A) 
Expression of miR-21 in tumor tissue and adjacent healthy 
tissue; (B) Expression of miR-145 in tumor tissue and ad-
jacent healthy tissue. The expression level of miR-21 was 
significantly increased and the expression level of miR-
145 was significantly decreased in tumor tissue compared 
with the adjacent healthy tissue. **compared with adjacent 
healthy tissue, p<0.01

A

B
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Correlation between the expression of miR-21 and 
miR-145 in serum and clinicopathological parameters 
of CRC patients 

 Compared with healthy control, miR-21 was 
highly expressed in the serum of 76.0% (38/50) of 
CRC patients, and miR-145 was lowly expressed 
in the serum of 70.0% (35/50) of CRC patients. 
The correlation between the expression of miR-
21 and miR-145 in the serum and clinicopatho-
logical parameters of patients is listed in Table 
3. Chi square test showed that high expression 
level of miR-21 and low expression level of miR-
145 were significantly associated with tumor size, 

grade of differentiation, invasion, metastasis and
clinical stage.

Survival and prognosis analysis

 During 5-year follow up, 26 patients survived 
and 24 died. The 5-year OS rate was 52% (26/50) 
and the mortality rate was 48% (24/50). Kaplan-
Meier survival analysis is shown in Figures 3A and 
B. The prognosis was poor for patients with high 
expression of miR-21 and low expression of miR-
145. As shown in Table 4, single factor survival 
analysis showed that miR-21 and miR-145 can sig-
nificantly affect the OS rate of CRC patients (p<0.05).

Table 3. Correlation between the expression of miR-21 and miR-145 in serum and clinicopathological parameters of 
patients with colorectal cancer

miR-21 miR-145

Clinicopathological parameters Cases, n High cases (%) x2 p value Low cases (% ) x2 p value

Gender 0.23 >0.05 0.06 >0.05

Male 28 22 (78.6) 20 (71.4)

Female 22 16 (72.7) 15 (68.2)

Age, years 0.01 >0.05 0.01 >0.05

≥50 35 27 (77.1) 24 (68.6)

<50 15 11 (73.3) 11 (73.3)

Tumor size (cm) 4.02 <0.05 0.68 >0.05

≥5 31 27 (87.1) 23 (74.2)

<5 19 11 (57.9) 12 (63.2)

Differentiation 8.86 <0.01 9.97 <0.01

Low 23 13 (56.5) 11 (47.8)

Medium/high 27 25 (92.6) 24 (88.9)

Metastasis 5.72 <0.05 6.46 <0.05

Yes 33 29 (87.9) 27 (81.8)

No 17 9 (52.9) 8 (47.1)

Clinical stage 7.22 <0.01 7.47 <0.01

I-II 19 10 (52.6) 9 (47.4)

III-IV 31 28 (90.3) 26(83.9)

Figure 3. Kaplan-Meier survival curves plotted based on the expression levels of miR-21 and miR-145. (A) Kaplan-
Meier survival curves of patients with high and low expression levels of miR-21 (p<0.05); (B) Kaplan-Meier survival 
curves of patients with high and low expression levels of miR-145 (p<0.05).

A B
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Discussion 

 In recent years, with the improvement of liv-
ing standards and changes in diet, the incidence 
of CRC in China follows an increasing trend [13]. 
Clinical treatments of CRC mainly include sur-
gery, chemotherapy and radiotherapy. Some CRC 
patients are diagnosed in advanced stage, there-
fore early diagnosis of this disease is of paramount 
importance for an effective treatment [14]. 
 Studies have shown that a variety of miRs 
were differentially expressed in normal tissue and 
tumor tissue, and those miRs may play a role of ei-
ther tumor suppressor gene or oncogene in the de-
velopment of tumor. Those miRs can regulate tu-
mor cell proliferation, differentiation and invasion 
by regulating the expression of various growth 
factors or transcription factors [15].
 As a non-coding small molecule RNA, miR-21 
is closely related to the proliferation, differentia-
tion and apoptosis of tumor cells [16-18]. A study 
found that miR-21 was highly expressed in hepa-
tocellular carcinoma tissue and played an impor-
tant role in tumor cell invasion and metastasis [19]. 
Studies have also found that miR-21 was highly ex-
pressed in breast cancer [20], gastric cancer [21] and 
other malignant tumors [22], and the high expres-
sion level of miR-21 was related to poor prognosis 
[23]. It has been reported that the expression level 
of miR-21 was closely correlated with grade of dif-
ferentiation, and high expression level of miR-21 
could contribute to increased grade of tumor differ-
entiation of patients [24]. Michael et al. found that 
the expression level of miR-145 in CRC was sig-
nificantly lower than that in adjacent tissues [25]. 
Studies have also found that the expression level 
of miR-145 was significantly decreased in colon 
cancer cell lines, and the overexpression of miR-
145 significantly inhibited the growth and prolif-
eration of tumor cells. So, miR-145 may be a new    
target for the treatment of CRC tumors [26,27].
 In order to investigate the expression of miR-
21 and miR-145 in the serum and tumor tissues 
of CRC patients and the effects on patient patho-

logical parameters and prognosis, qRT-PCR was 
performed to detect the expression of miR-21 
and miR-145 in patient serum and tumor tissue. 
The results showed that, compared with adjacent 
healthy tissue, the expression of miR-21 was sig-
nificantly increased and the expression of miR-
145 was significantly decreased in tumor tissue. 
The expression level of miR-21 in the serum of pa-
tients with CRC was significantly higher than that 
of healthy controls, while the expression of serum 
level of miR-145 of the patients was significantly 
lower compared with healthy controls. In addi-
tion, the expression of serum miR-21 and miR-145 
was significantly positively correlated with their 
expression in tumor tissue. Further analysis with 
clinical data showed that high expression level of 
miR-21 and low expression level of miR-145 were 
associated with tumor size, grade of differentia-
tion, invasion, metastasis and clinical stage. Sin-
gle factor Kaplan-Meier survival analysis showed 
that both miR-21 and miR-145 could significantly 
affect the OS of CRC patients. The results showed 
that miR-21 overexpression was a good indicator 
for poor prognosis, while miR-145 overexpression 
was a good indicator for good prognosis.
 Studies have confirmed that miR-21 is highly 
expressed in colon cancer tissues and is closely 
correlated to clinical stage and patient prognosis 
[28,29], while miR-145 was significantly downreg-
ulated in colon cancer, breast cancer, gastric can-
cer and other tumors and it was found to be able 
to inhibit the proliferation of tumor cells [30-33]. 
This study further confirmed that miR-21 was up-
regulated and miR-145 was downregulated in CRC 
tissues. In addition, the expression of miR-21 and 
miR-145 in serum was positively correlated with 
their expression in tumor, and the expression of 
miR-21 and miR-145 was correlated to the patho-
logical parameters and prognosis of patients.
 In summary, high expression level of miR-21 
and low expression level of miR-145 are closely 
related to the occurrence and development of CRC, 
especially with the grade of tumor differentia-
tion, invasion, metastasis and clinical stage. The 

Table 4. Correlation between the expression of miR-21 and miR-145 and the overall survival rate of patients with colo-
rectal cancer analyzed by single factor survival analysis

Groups Cases 5-year survival cases 5-year overall survival rate (%) Wald (log-rank) p value

miR-21 High 38 16 42.1 6.03 <0.05

Low 12 10 83.3

miR-145 High 15 12 80.0 7.30 <0.05

Low 35 14 40.0



miR-21 and miR-145 and incidence and prognosis of colorectal cancer34

JBUON 2018; 23(1): 34

use of tumor markers in peripheral venous blood 
for tumor detection has the following advantages 
over tissue specimen testing: minimal invasion, 
high repeatability and easy testing, so these miRs 
are promising markers for tumor diagnosis. This 
study proved that miR-21 and miR-145 in serum 
of patients can be used as a reference index to 
guide the diagnosis and prognosis prediction of 
CRC patients.
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