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Abstract. The aim of the study was to investigate the expres-
sion levels of miR-452-5p and miR-215-5p in colorectal 
cancer tissues and their relationship with clinicopathological 
features. A total of 50 specimens of cancerous and adjacent 
normal tissues were collected from patients with colorectal 
cancer who underwent surgical resection at the Xingtai 
People's Hospital from March 2012 to February 2014. All 
specimens were confirmed by the Department of Pathology. 
Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) was used to measure the expression levels of 
miR-452-5p and miR-215-5p in cancerous and adjacent normal 
tissues. Moreover, the relationship of the expression levels of 
miR-452-5p and miR-215-5p with the clinicopathological 
features of patients with colorectal cancer was explored. The 
expression levels of both miR-452-5p and miR-215-5p in 
colorectal cancer tissues were significantly lower than those in 
adjacent normal tissues (P<0.05). miR-452-5p expression was 
related to tumor-node-metastasis (TNM) staging and differen-
tiation degree in colorectal cancer tissues, and the expression 
of miR-215-5p was associated with TNM staging, lymph node 
metastasis and infiltration depth (P<0.05). The 5‑year overall 
survival (OS) rate in the miR-452-5p high-expression group 
was significantly higher than that in the low‑expression group 
(P<0.05). The 5-year OS rates in the miR-215-5p high- and 
low-expression groups were 53.57% (15/28) and 40.91% (9/22), 
respectively, indicating that the 5-year OS rate in the miR-215-5p 
high‑expression group was significantly higher than that in the 
low-expression group. Cox proportional hazards regression 
model showed that TNM staging, lymph node metastasis, as 
well as miR-452-5p and miR-215-5p expression levels were 
independent risk factors affecting colorectal cancer prognosis 

(P<0.05), whereas the differentiation degree and infiltration 
depth were not (P>0.05). In conclusion, the expression levels 
of miR‑452‑5p and miR‑215‑5p were significantly downregu-
lated in colorectal cancer tissues promoting the occurrence, 
progression, invasion and metastasis of colorectal cancer, 
which suggests that miR-452-5p and miR-215-5p could be used 
as prognostic indicators for patients with colorectal cancer.

Introduction

Colorectal cancer is a malignant tumor originating from colon 
or rectal mucosal epithelium due to various factors (1), with 
incidence that ranks third among all malignant tumors and 
mortality that ranks fourth (2). There are no obvious clinical 
symptoms in the early stage of the disease and the diagnosis is 
difficult. Therefore, most patients with clinical symptoms are 
in the advanced stage at the time of diagnosis and metastasis of 
cancer cells has occurred (3,4). The pathogenesis of colorectal 
cancer still remains unknown as there are numerous patho-
genic factors, which makes the treatment of colorectal cancer 
more difficult (5‑7). Surgical resection has been the radical 
treatment for colorectal cancer; however, the probability 
of infection after surgery is high, resulting in poor survival 
rate of patients (8,9). Therefore, the relevant mechanisms of 
colorectal cancer need to be clarified and new potential thera-
peutic targets should be investigated to improve the prognosis 
of patients with colorectal cancer.

MicroRNA, a small RNA with length of ~20-24 nucleo-
tides, regulates cell endogenous functions (10). MicroRNA 
mainly inhibits the protein synthesis of target genes, through 
incomplete and complete complementation or degradation 
of the target genes, to regulate the biological growth and 
development, and to play an important regulatory role in 
cell proliferation, apoptosis and migration (11). It has been 
revealed that microRNA is a key regulator in tumor metastasis 
and targeted therapy (12). Upregulation of miR-452-5p inhibits 
stem-like traits and tumorigenesis of gliomas by inhibiting the 
regulatory factors of various stem cells (13). It has been reported 
that miR-452-5p is a tumor factor for breast malignancies, 
gliomas, and prostate tumors; the expression of miR-452-5p 
in cancerous tissues is significantly lower than that in adjacent 
normal tissues, and is negatively correlated with lymph node 
metastasis and tumor staging (14). Furthermore, miR-215-5p 
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is significantly downregulated in cancerous tissues. The 
overexpression of miR-215-5p reduces cell proliferation, 
differentiation and migration, as well as the formation of cell 
clones. In addition, upregulation of miR-215-5p in gliomas 
dually inhibits tumors, effectively inhibits target genes, and 
reduces tumor proliferation and migration (15). However, the 
relationship of miR-452-5p and miR-215-5p with colorectal 
cancer remains unclear.

In the present study, the expression levels of miR-452-5p 
and miR-215-5p in colorectal cancer tissues, and their associa-
tion with the clinicopathological features of colorectal cancer 
patients were explored, in order to provide potential targets for 
the treatment and prognosis of colorectal cancer.

Patients and methods

General data. A total of 50 specimens of cancerous and adjacent 
normal tissues were collected from colorectal cancer patients 
who underwent surgical resection at the Xingtai People's 
Hospital (Xingtai, China) from March 2012 to February 2014. 
The patients' clinical data were collected, including name, sex, 
age, tumor location, tumor diameter, tumor-node-metastasis 
(TNM) staging, lymph node metastasis, differentiation degree, 
and infiltration degree. Inclusion criteria: Patients confirmed 
with colorectal cancer by pathological examinations; patients 
who had not received any antitumor therapy (e.g., radio-
therapy, chemotherapy, targeted therapy or drug therapy) 
before surgery; patients with complete clinical data. Exclusion 
criteria: Patients with familial adenomatous polyposis; patients 
with previous gastrointestinal diseases; patients with hyper-
tension, diabetes, severe liver and kidney diseases, infectious 
diseases or other malignant tumors; and patients with mental 
or communication disorders. The study was approved by the 
Ethics Committee of Xingtai People's Hospital. All patients 
and their families were informed of the study and signed 
informed consents were obtained from the patients.

Main instruments and reagents. Roche LightCycler® 480 II 
fluorescence PCR instrument (cat. no. 480II; Beijia Genetool 
Biotechnology Co., Ltd.); Ultraviolet-visible (UV-Vis) spectro-
photometer Pharo 300 (cat. no. ZMK-1.00707.0001; Shanghai 
ZZBIO Co., Ltd.); 3% agarose gel electrophoresis (cat. 
no. JKL2116; Shanghai Jingke Scientific Instrument Co., Ltd.); 
TRIzol® kit (cat. no. 15596-018; Beijing Solarbio Science & 
Technology Co., Ltd.); TRIzol® reagent (cat. no. 15596018; 
Yanke Biotechnology Co., Ltd.); 5X TransScript All-in-One 
No-RT Control SuperMix for qPCR (cat. no. GL141-01; 
Beijing Transgen Biotech Co., Ltd.); 2X TransTaq HiFi 
PCR SuperMix II (cat. no. AS131-21; Beijing Transgen 
Biotech Co., Ltd.); TaqMan miRNA kit (cat. no. D1802; 
HaiGene). miR-452-5p, miR-215-5p and U6 internal reference 
primers were designed and synthesized by Beijing Dingguo 
Changsheng Biotechnology Co., Ltd. The required primer 
sequences are shown in Table I.

Experimental methods. Colorectal cancer and adjacent normal 
tissues were stored at ‑80˚C after being resected, and then they 
were cut into pieces and ground with liquid nitrogen in order 
to obtain the tissue suspension. Total RNA was extracted using 
TRIzol® reagent in strict accordance with the manufacturer's 

instructions. The concentration and purity of the extracted 
RNA were analyzed by UV-Vis spectrophotometer Pharo 300. 
The integrity of RNA was analyzed by 3% agarose gel elec-
trophoresis. An A260/A280 value between 1.8 and 2.1 was 
considered to meet the experimental requirements. After the 
RNA extraction was completed, reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR) was carried out. 
The reaction system was 4 µl of 5X TransScript All-in-One 
No-RT Control SuperMix for PCR, 2 µg of total RNA, and 
ribonuclease distilled water for a final volume of 20 µl. The 
reaction conditions were 25˚C for 10 min, 42˚C for 30 min, 
85˚C for 5 sec; and that was the end of the inactivation of the 
reverse transcriptase.

After the reverse transcription reaction was completed, 
PCR amplification was carried out. The PCR amplification 
system was 2 µl of cDNA, 25 µl of 2X TransTaq HiFi PCR 
SuperMix II, 1 µl of upstream primers, 1 µl of downstream 
primers, and double-distilled water for a final volume of 
50 µl. The PCR thermocycling conditions were as follows: 
Pre‑denaturation at 95˚C for 3 min, at 94˚C for 2 min, at 94˚C 
for 30 sec, at 55˚C for 30 sec, at 72˚C 1‑2 kb/min, 40 cycles, and 
extension at 72˚C for 5 min after completion of the cycle. The 
amplification data were analyzed by the Roche LightCycler® 
480 II fluorescence quantitative PCR instrument. TaqMan 
miRNA kit was used to detect the microRNA expression 
levels. U6 was used as the internal reference and mRNA levels 
were quantified using the 2-ΔΔCq method (16).

Follow up. Patients were followed up for 5 years by telephone, 
letters and visits. The patients were followed up every 2 months 
on average until February 2019. The overall survival (OS) was 
calculated from the first day after surgery to the last day of 
follow up or the patient's date of death.

Statistical analysis. Statistical software SPSS 22.0 (IBM 
Corp.) was used to analyze the experimental data. Counting 
data were expressed as the number of cases and percentage 
[n (%)]. Measurement data were expressed as the mean ± stan-
dard deviation (SD). The comparison of measurement 
data between groups was conducted using paired t-test. 
Kaplan-Meier survival analysis was used for the generation 
of the survival curves of miR-452-5p and miR-215-5p high- 
and low-expression groups, and the difference of the curves 
between groups was evaluated by log-rank test. Cox regres-
sion model was used to carry out univariate and multivariate 
analysis in order to analyze the independent factors affecting 
prognosis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

General data. Of the 50 colorectal cancer patients with 
complete clinical data, 32 were males and 18 were females. 
The patients were 27-78 years of age, including 27 patients 
<53 years of age and 23 patients ≥53 years of age. The tumor 
diameter was 1.2-8.6 cm and the tumor location was in the 
colon (27 cases) and rectum (23 cases). There were 31 cases 
of good and moderate differentiation and 19 cases of poor 
differentiation. A total of 24 cases were in stage I+II, whereas 
26 cases were in stage III+IV. There were 19 cases with lymph 
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node metastasis and 31 cases without lymph node metastasis. 
As for infiltration depth, 21 cases were in T1+T2 stage, and 
29 cases were in T3+T4 stage. Details are shown in Table II.

Expression levels of miR‑452‑5p and miR‑215‑5p in cancerous 
and adjacent normal tissues. The expression levels of both 
miR-452-5p and miR-215-5p in colorectal cancer tissues 
were significantly lower than those in adjacent normal tissues 
(P<0.05; Table III and Fig. 1).

Relationship between miR‑452‑5p expression and clinico‑
pathological features. There was no significant difference 
in the expression level of miR-452-5p in colorectal cancer 

patients in terms of sex, age, tumor diameter, tumor location, 
lymph node metastasis and infiltration depth (P≥0.05). The 
expression level of miR-452-5p in colorectal cancer tissues 
was associated with TNM staging and differentiation degree 
(P<0.05; Table IV).

Relationship between miR‑215‑5p expression and clinico‑
pathological features. There was no significant difference 
in the expression level of miR-215-5p in colorectal cancer 
patients in terms of sex, age, tumor diameter, tumor location 
and differentiation degree (P≥0.05). The expression level of 
miR-215-5p in colorectal cancer tissues was associated with 
TNM staging, lymph node metastasis and infiltration depth 
(P<0.05; Table V).

Survival of colorectal cancer patients. According to the 
average expression levels of miR-452-5p and miR-215-5p, 
the patients were classified into miR‑452‑5p high‑expression 
group (≥1.15, n=33), miR‑452‑5p low‑expression group (<1.15, 
n=17), miR‑215‑5p high‑expression group (≥0.45, n=28) and 
miR‑215‑5p low‑expression group (<0.45, n=22). The patients 
were followed up for 5 years by telephone, letters and visits. 
The 5-year OS rate was 78.79% (26/33) in the miR-452-5p 
high-expression group and 52.94% (9/17) in the miR-452-5p 
low-expression group. In other words, the 5-year OS rate in the 
miR‑452‑5p high‑expression group was significantly higher 
than that in the low-expression group (P<0.05). The 5-year 
OS rates in miR-215-5p high- and low-expression groups were 
53.57% (15/28) and 40.91% (9/22), respectively, indicating that 
the 5-year OS rate in the miR-452-5p high-expression group 
was significantly higher than that in the low‑expression group 
(P<0.05; Fig. 2).

Univariate and multivariate analyses on prognosis of 
colorectal cancer. Multivariate Cox proportional hazards 
regression model was used to analyze the variables found in 
univariate analysis. The results showed that TNM staging, 
lymph node metastasis, miR-452-5p and miR-215-5p expres-

Table I. Primer sequences of miR-452-5p, miR-215-5p and U6.

Gene Forward  Reverse 

miR-452-5p 5'-GCGCAACTGTTTGCAGAG-3' 5'-GTGCAGGGTCCGAGGT-3'
miR-215-5p 5'-CTCGAGATGTCATCCTCAG-3' 5'-GAATTCGTGAGTTCTTCTG-3'
U6 5'-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'

Table II. General clinical data of patients with colorectal 
cancer [n (%)].

Clinicopathological feature Cases

Sex 
  Male 32 (64.00)
  Female 18 (36.00)
Age, years 
  <53 27 (54.00)
  ≥53 23 (46.00)
Tumor diameter, cm 
  <5 30 (60.00)
  ≥5 20 (40.00)
Tumor location 
  Colon 27 (54.00)
  Rectum 23 (46.00)
Differentiation degree 
  Well and moderately differentiated 31 (62.00)
  Poorly differentiated 19 (38.00)
TNM staging 
  I+II 24 (48.00)
  III+IV 26 (52.00)
Lymph node metastasis 
  Yes 19 (38.00)
  No 31 (62.00)
Infiltration depth 
  T1+T2 21 (42.00)
  T3+T4 29 (58.00)

TNM, tumor-node-metastasis.

Table III. Expression levels of miR-452-5p and miR-215-5p in 
cancerous and adjacent normal tissues (mean ± SD).

Group n miR-452-5p miR-215-5p

Colorectal cancer tissues 50 1.15±0.21 0.45±0.11
Adjacent normal tissues 50 1.29±0.24 0.53±0.14
t - 3.104 3.177
P-value - 0.003 0.002
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sion levels were independent risk factors affecting colorectal 
cancer prognosis (P<0.05), whereas differentiation degree 

and infiltration depth were not (P>0.05). The details of the 
analyses are presented in Table VI.

Table IV. Relationship between miR‑452‑5p expression and clinicopathological features of colorectal cancer patients (mean ± SD).

Clinicopathological feature n miR-452-5p expression t P-value

Sex   0.314 0.755
  Male 32 1.14±0.22  
  Female 18 1.16±0.21  
Age, years   0.488 0.628
  <53 27 1.16±0.23  
  ≥53 23 1.13±0.20  
Tumor diameter, cm   0.433 0.667
  <5 30 1.16±0.24  
  ≥5 20 1.13±0.24  
Tumor location   0.354 0.725
  Colon 27 1.16±0.19  
  Rectum 23 1.14±0.21  
Differentiation degree   2.408 0.020
  Well and moderately differentiated 31 1.19±0.21  
  Poorly differentiated 19 1.04±0.22  
TNM staging   2.132 0.038
  I+II 24 1.21±0.24  
  III+IV 26 1.08±0.19  
Lymph node metastasis   0.477 0.636
  Yes 19 1.13±0.24  
  No 31 1.16±0.20  
Infiltration depth   0.326 0.736
  T1+T2 21 1.16±0.22  
  T3+T4 29 1.14±0.21  

TNM, tumor-node-metastasis.

Figure 1. Expression levels of miR-452-5p and miR-215-5p in colorectal cancer and adjacent normal tissues. The results of reverse transcription-quantitative 
polymerase chain reaction showed that the relative expression levels of (A) miR‑452‑5p and (B) miR‑215‑5p in cancerous tissues were significantly lower than 
those in adjacent normal tissues. *P<0.05, compared with adjacent normal tissues.
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Discussion

Colorectal cancer is the second leading cause of cancer death 
in adults (17). In most cases, metastasis and diffusion of tumor 
cells are the ultimate causes of death (18). In a gradual way, 
normal colonic epithelial cells transform and grow benignly 
forming polyps, and then develop into benign adenomas, 

which can eventually develop into invasive cancers and 
lesions (19). Therefore, discovering biological indicators that 
affect the prognosis of colorectal cancer is of great signifi-
cance for improving the prognosis of patients and increasing 
the survival rate.

MicroRNA is an evolutionarily endogenous, conservative 
and non-coding small RNA, which achieves negative regulation 

Table V. Relationship between miR‑215‑5p expression and clinicopathological features of colorectal cancer patients (mean ± SD).

Clinicopathological feature n miR-215-5p expression t P-value

Sex   0.947 0.348
  Male 32 0.44±0.10  
  Female 18 0.47±0.12  
Age, years   0.581 0.564
  <53 27 0.46±0.13  
  ≥53 23 0.44±0.11  
Tumor diameter, cm   0.673 0.504
  <5 30 0.46±0.09  
  ≥5 20 0.44±0.12  
Tumor location   1.525 0.134
  Colon 27 0.48±0.12  
  Rectum 23 0.43±0.11  
Differentiation degree   1.611 0.114
  Well and moderately differentiated 31 0.47±0.12  
  Poorly differentiated 19 0.41±0.14  
TNM staging   3.196 0.003
  I+II 24 0.49±0.08  
  III+IV 26 0.38±0.15  
Lymph node metastasis   2.324 0.024
  Yes 19 0.47±0.10  
  No 31 0.37±0.17  
Infiltration depth   2.057 0.045
  T1+T2 21 0.46±0.13  
  T3+T4 29 0.39±0.11  

TNM, tumor-node-metastasis.

Figure 2. Relationship of miR-452-5p and miR-215-5p expression levels with OS. (A) Comparison of the 5-year OS of colorectal cancer patients between 
(A) the miR-452-5p high- and low-expression groups, and (B) the miR-215-5p high- and low-expression groups. OS, overall survival.
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of gene expression through binding with specific target mRNA 
after transcription (20). MicroRNA also plays a role in tumor 
inhibition, cell growth induction, and inhibition of metastasis 
and invasion of colorectal cancer cells, and is a key regulator 
in cancer progression (21). miR-452-5p is related to tumor 
progression and has different expression in different cancers. 
miR-452-5p targets multiple genes and plays an important role 
in cancer development and occurrence through various mecha-
nisms (22,23). Furthermore, the expression of miR-215-5p 
in tumor tissue is significantly downregulated, which may 
lead to enhanced cell proliferation. A study has reported that 
miR-215-5p is an effective inhibitor for tumor and primary 
colon tumor initial cells (24). Its tumor suppression also leads 
to reduced proliferation, increased apoptosis and formation of 
new colonies (25). In the present study, the expression levels 
of miR-452-5p and miR-215-5p in cancerous tissues were 
significantly lower than those in adjacent normal tissues. In 
addition, the investigation of the association between the clini-
copathological characteristics of colorectal cancer patients and 
the expression levels of miR-452-5p and miR-215-5p revealed 
that miR-452-5p expression was related to TNM staging and 
differentiation degree, whereas miR-215-5p expression was 
associated with TNM staging, lymph node metastasis and 
infiltration depth. These results indicate that miR‑452‑5p and 
miR-215-5p may be involved in the occurrence and progression 
of colorectal cancer. In the study by Gao et al (26), the expres-
sion of miR-452-5p was shown to be associated with TNM 
staging and lymph node metastasis in colorectal cancer, and 
miR‑452‑5p could target CDKNIB to stimulate tumor growth 
and inhibit cell apoptosis. Vychytilova-Faltejskova et al (27) 
reported that miR‑215‑5p affects specific cells; higher levels of 
miR‑215‑5p were shown to significantly reduce the metabolism 
and proliferation of colorectal cancer cells, as well as to inhibit 
cell migration, indicating the potential use of miR-215-5p in the 
diagnosis and prognosis of colorectal cancer. miR-452-5p and 
miR-215-5p may play a key role as tumor suppressor genes in 
colorectal cancer, and therefore, might be involved to a certain 
extent in the progression of colorectal cancer. Thus, miR-452-5p 
and miR-215-5p are both expected to be therapeutic targets and 
biomarkers for colorectal cancer.

In the study by He et al (28), the expression level of 
miR-452-5p was shown to be related to the survival rate of 
non-small cell lung cancer patients, and the highly expressed 

miR-452-5p was reported to be associated with a better OS. In 
addition, according to the study by Halvorsen et al (29), the low 
expression of miR-215-5p was related to a poorer OS of patients 
with non-small cell lung cancer. According to the results of 
the present study, the 5-year OS rates in the miR-452-5p and 
miR‑215‑5p high‑expression groups were significantly higher 
than those in the miR-452-5p and miR-215-5p low-expression 
groups. Cox proportional hazards model showed that 
miR-452-5p, miR-215-5p, TNM staging and lymph node 
metastasis were independent prognostic factors that may affect 
the survival time of colorectal cancer patients, whereas differ-
entiation degree and infiltration depth were not. Therefore, it is 
believed that the degree of differentiation and the depth of inva-
sion are prognostic factors that affect patients with colorectal 
cancer, although they are not independent prognostic factors. 
When the degree of tumor invasion increases, then the condi-
tion of the patient becomes more serious resulting in a poorer 
prognosis. However, the expression levels of miR-452-5p and 
miR-215-5p in colorectal cancer and adjacent normal tissues 
were not associated with sex, age, tumor diameter or tumor 
location, indicating that the expression levels of miR-452-5p 
and miR-215-5p are less susceptible to individual factors 
or other factors, and therefore could be used as prognostic 
indicators for clinical evaluation of colorectal cancer patients. 
miR-452-5p and miR-215-5p may play an important role in the 
occurrence, development and prognosis of colorectal cancer, 
and could be considered new biological target indices.

Although the present study confirmed the role of 
miR-452-5p and miR-215-5p in the occurrence, develop-
ment and prognosis of colorectal cancer, there are still some 
limitations. Firstly, the expression levels of miR-452-5p and 
miR-215-5p in serum were not detected. Secondly, their effects 
on proliferation, apoptosis, migration and invasion of colorectal 
cancer cells were not further studied. These will be the aim of 
our future research. In addition, a greater sample size and the 
expression of the proteins regulated by these microRNAs will 
be investigated in the future.

In conclusion, the expression levels of miR-452-5p and 
miR‑215‑5p were significantly downregulated in colorectal 
cancer tissues, suggesting that they might promote the occur-
rence, progression, invasion and metastasis of colorectal 
cancer. Thus, miR-452-5p and miR-215-5p could be used as 
prognostic indicators for patients with colorectal cancer.

Table VI. Univariate and multivariate analysis on prognosis of colorectal cancer.

 Univariate Multivariate
 -------------------------------------------------------------------------------- ----------------------------------------------
Variables HR 95% CI P-value HR 95% CI

TNM staging ( I+II vs. III+IV) 18.26 5.43-61.38 <0.001 6.56 1.55-27.8
Lymph node metastasis (yes vs. no)   3.98 1.71-9.30   0.015 3.24 1.32-7.96
miR-452-5p (high vs. low expression)   3.61 1.85-7.09   0.001 4.81 1.98-11.7
miR-215-5p ( high vs. low expression )   3.01 1.08-8.39   0.024 4.51 1.56-13.01
Infiltration depth (T1+T2 vs. T3+T4)   4.59 2.13‑9.89   0.111 ‑ ‑
Differentiation degree (well and moderately vs. poorly)   6.46 2.61‑15.96   0.204 ‑ ‑

TNM, tumor‑node‑metastasis; HR, hazard ratio; CI, confidence interval.
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