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Abstract. Our study investigated the relationship between 
CT signs of colon cancer and the expression of miR-146a, 
to evaluate their predictive value in early diagnosis and of 
colon cancer. A total of 216 patients with colon cancer 
who were admitted to the Department of Hematology and 
Oncology in Yingcheng Hospital, the Second Hospital of 
Shandong University in Zhaoyuan City from January 2013 to 
March 2017 were selected as the study group. At the same 
time, 150 patients with benign colitis were also included 
to serve as the control group. CT scan was performed for 
patients in both the study and control groups. The expression 
of miR-146a in serum of patients in the study and control 
groups was detected by RT-qPCR, and of CT signs and 
miR-146a expression were analyzed. The relative expression 
level of miR-146a in peripheral blood of study group was 
significantly lower than that of the control group (t=12.180, 
p=0.001). Sensitivity and specificity of combined detection 
of CT and miR-146a in the study and control groups were 
91.4 and 93.6%, respectively, which were higher than those 
of the single test (p<0.05). Among CT signs of study group, 
luminal wall, cavity and diameter changes, as well as size 
of tumor and surrounding tissues showed no significant 
correlation with the expression of miR‑146a (p>0.05). The 
expression level of miR-146a in patients with high-risk of 
invasion was significantly higher than that in patients with 
low‑risk of invasion (t=4.791, p=0.001). The expression level 
of miR‑146a in lymph node metastasis was significantly lower 
than that in non‑lymph node metastasis (t=3.104, p=0.002). 
miR-146a may be involved in the development and progres-
sion of colon cancer. Combined detection of CT and miR-146a 

may enhance the sensitivity and specificity of the diagnosis of 
colon cancer, and may provide a good predictive value for 
invasion and metastasis of colon cancer.

Introduction

Colon cancer is a common human gastrointestinal cancer. 
Incidence of colon cancer is the third highest, and the 
mortality rate is the fifth among all gastrointestinal cancers. 
Colon cancer mainly affects people older than 40 years, and 
the incidence in men is 2 times higher than in women (1). 
With the changes in people's lifestyle, diet structure and 
surrounding environment, the incidence of colon cancer 
is showing an increase, and the onset age is becoming 
younger (2). The onset and development of colon tumor is 
a slow process, and is the result of colon polyps adenoma 
caused by colonic mucosal lesions. Without intervention treat-
ment, colon tumor will gradually evolve into metastatic and 
invasive cancer (3). Early clinical symptoms of colon cancer 
patients are not obvious, and most patients are diagnosed 
at advanced stages. Surgical resection is the basic treat-
ment for colon cancer. The 5-year survival rate of patients 
with Dukes stage A colon cancer after radical operation is 
approximately 90%, while the 5-year survival rate of patients 
in Dukes stage D is as low as 5% (4,5). At present, there are 
many reports on the occurrence, development and treatment 
of colon cancer, but specificity of the early diagnosis is still 
low (6) Therefore, it is particularly important to investigate 
the imaging features and biomarkers that are related to tumor 
growth and evolution.

CT examination is effective for the diagnosis of colon 
cancer. CT scan can be used to clearly observe the morpho-
logical changes within the colon cavity to understand the 
thickening and prominence of intestinal wall, so as to reveal 
the affected surrounding tissue (7). miR‑146a is abnormally 
expressed in a variety of malignant tumors, and its single 
nucleotide polymorphism Rs2910164GC is closely related to 
tumor susceptibility (8). At present, there is no report on the 
expression and diagnostic value of miR-146a in colon cancer. 
This study aimed to investigate the correlations between CT 
signs and miR-146a expression in colon cancer as well as to 
explore their diagnostic value for colon cancer.
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Patients and methods

General information. A total of 216 patients with colon cancer 
who were admitted to the Department of Hematology and 
Oncology in Yingcheng Hospital, the Second Hospital of 
Shandong University in Zhaoyuan City (Zhaoyuan, China) 
from January 2013 to March 2017 were selected as the study 
group. At the same time, 150 patients with benign colitis 
were also included to serve as the control group. The study 
group included 125 males and 91 females, and the age ranged 
from 35 to 61 years. The control group included 94 males and 
56 females, and the age ranged from 31 to 59 years. According 
to the 2010 WHO histopathological classification of gastroin-
testinal cancer (9), patients were divided into different groups. 
There were 113 cases of ulcerative type, 56 cases of mass type 
and 47 cases of invasive type. Clinical stage: 73 cases in stage 
T1, 70 cases in stage T2, 47 cases in stage T3 and 26 cases 
in stage T4. Pathological differentiation: 126 cases were well 
differentiated, 59 cases were moderately differentiated, and 
31 cases were poorly differentiated. Inclusion criteria: patients 
confirmed by clinical endoscopy and histopathological exami-
nation; patients who could hold their breath at least 30 sec 
during CT scan; patients older than 18 years; patients who 
signed informed consent. Exclusion criteria: patients who had 
a history of malignant tumors; patients who had a history of 
surgery, chemotherapy and radiotherapy; patients with liver 
and kidney dysfunction; patients with systemic dysfunction; 
patients with a family history of mental illness or psychosis.

This study was approved by the Ethics Committee of 
Yingcheng Hospital, the Second Hospital of Shandong 
University in Zhaoyuan City. Signed informed consents were 
obtained from the patients or guardians.

Main instruments and reagents. LightSpeed VCT (GE Health‑
care, Chicago, IL, USA); ABI PRISM 7300 fluorescence 
quantitative PCR instrument (Beckman Coulter, Inc., Brea, 
CA, USA); fluorescence quantitative PCR kit miRCURY LNA 
Universal RT microRNA PCR (Shanghai Yu Bo Biotechnology 
Co., Ltd., Shanghai, China); TRIzol kit (Invitrogen: Thermo 
Fisher Scientific, Inc., Carlsbad, CA, USA), miR‑146a 
fluorescence quantitative PCR kit (Beckman Coulter, Inc.), 
SmartSpec Plus spectrophotometer (Hitachi, Tokyo, Japan); 
all primers were synthesized by GenScript (Nanjing, China). 
Primer sequences are listed in Table I.

Imaging examination. CT scan was performed with 
LightSpeed VCT and AW4.4 workstation. Patients were fixed 
in supine position, and CT scan was performed under calm 
breath or breath holding. Abdomen was scanned from the top of 
diaphragm to pubic bone. Middle and lower abdomen were also 
scanned for some patients. Scanning parameter: tube voltage, 

90-120 kV; tube current, 150-250 MA; matrix, 512x512; pitch, 
1.0; scanning layer thickness, 8 mm; reconstruction thickness, 
0.75 mm. Contrast enhancement was performed with iohexol 
contrast medium which was injected using a high pressure 
syringe at a speed of 3 ml/sec. Arterial phase, portal phase 
and parenchymal phase were scanned by automatic triggering 
method and scanning was performed at 30 and 80 sec after 
arterial phase. Original data were retrospectively recon-
structed. Axial image data were obtained and stored in the 
AW4.4 workstation for review by two chief radiologists using 
evaluation criteria described by Benson et al (10).

RT‑qPCR. Peripheral blood (5 ml) was extracted from 
patients in both the study and control groups and stored in 
EDTA-K2 anti-coagulant tube. Peripheral blood mononuclear 
cells (PBMCs) were isolated using lymphocyte separation fluid, 
and were washed twice with PBS and stored for subsequent 
experiments. Total RNA was extracted from PBMCs using the 
TRIzol kit according to the manufacturer's instructions. After 
RNA extraction, the purity of total RNA was determined using 
a 1% agarose gel electrophoresis and absorbance of RNA 
was measured with a SmartSpec Plus Spectrophotometer. 
Reverse transcription was performed to synthesize cDNA 
using the following conditions: 16˚C for 30 min, 42˚C for 
30 min and 85˚C for 5 min. Synthesized cDNA samples were 
stored at ‑20˚C before use. PCR reaction system was: 10 µl of 
SYBR‑Green mix, 1 µl of PCR primer mix, 5 µl of diluted 
cDNA template and 4 µl of RNase‑free water. PCR reaction 
conditions were: 95˚C for 10 min, followed by 35 cycles of 
95˚C for 15 sec, 60˚C for 1 min. Data analysis was performed 
using the software provided by the manufacturer with U6 as 
endogenous control. Relative expression level of miR-146a was 
expressed as 2-ΔΔCq (11). In the diagnosis of colon cancer using 
serum miR-146a, the median serum level of miR-146a was set 
as cut-off score, values lower than the median were set as posi-
tive and values higher than the median were set as negative.

Statistical analysis. SPSS 19.0 (Tianjin Ksoft Tech, Co., 
Ltd., Tianjin, China) was used for all statistical analyses. 
Measurement data are expressed as means ± standard devia-
tion (means±SD), and data that met normal distribution were 
compared using t-test. Count data were expressed as percentage 
and compared by Chi-square test. Comparisons among 
multiple groups were performed by one-way analysis of vari-
ance followed by post hoc test (Least Significant Difference). 
P<0.05 indicated a difference with statistical significance.

Results

There were no significant differences in age, sex, alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 

Table I. Primer sequences of miR-146a and U6.

Genes Forward Reverse

miR‑146a 5'-GCAGGGTCCGAGGTATTCG-3' 5'-CGCGTGAGAACTGAATTCCAT-3'
U6 5'-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'
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r‑glutamyl transferase (r‑GT), total bilirubin (TBil) and blood 
glucose (Glu) between study group and control group (p<0.05, 
Table Ⅱ).

Comparison of the expression level of miR‑146a between 
the study and control groups. Relative expression level of 
miR-146a in study group was 1.93±0.84 and that in the control 
group was 3.16±1.09. Relative expression level of miR-146a in 
the study group was significantly lower than that in the control 
group (t=12.180, p=0.001, Fig. 1).

Diagnostic efficacy of CT and miR‑146a in the two groups. 
Diagnostic sensitivity and specificity of CT examination 
alone in the study and control groups were 75.6 and 87.3%, 
respectively. Sensitivity and specificity of miR-146a alone 
were 72.4 and 76.5%, respectively. Sensitivity and specificity 
of combined detection of CT and miR-146a in the study 
and control groups were 91.4 and 93.6%, respectively. The 
combined diagnosis significantly improved the diagnostic 
sensitivity and specificity (p<0.04, Table Ⅲ).

Correlation between CT signs and relative expression level of 
miR‑146a in the study group. Among all CT signs of the study 
group, luminal wall, cavity and diameter changes, as well as 
size of tumor and surrounding tissues showed no significant 
correlation with the expression of miR‑146a (p>0.05). The 
expression level of miR‑146a in high‑risk invasion was signifi-
cantly higher than that in low‑risk invasion (t=4.791, p=0.001). 
The expression level of miR-146a in lymph node metastasis 
was significantly lower than that in non‑lymph node metastasis 
(t=3.104, p=0.002, Table Ⅳ).

Table Ⅲ. Diagnostic efficacy of CT and miR‑146a in the two 
groups (%).

Items Sensitivity Specificity

CT 75.6 87.3
miR-146a 72.4 76.5
Combined diagnosisa 91.4a 93.6a

χ2 12.388 13.149
P-value 0.001 0.001

aP<0.05, compared with CT or miR‑146a alone.

Table Ⅳ. Correlation between CT signs and relative expres-
sion level of miR‑146a in the study group (means ± SD).

  Relative expression
CT signs n level of miR-146a t P-value

Luminal wall changes   1.570 0.117
  Thickening 168 2.16±0.84
  Non-thickening   48 1.95±0.73
Cavity changes   0.931 0.352
  Stenosis   79 1.99±0.81
  Non-stenosis 137 1.89±0.73
Diameter changes   1.400 0.163
  Non-thickening
  or thinning   30 2.37±1.19
  Thickening or block 186 2.08±1.03
Surrounding tissues   1.379 0.169
  Clear 134 1.89±0.85
  Not clear   82 2.05±0.79
Invasion risk   4.791 0.001
  Low risk 149 2.13±0.97
  High risk   67 1.53±0.49
Tumor size (cm)   1.883 0.061
  ≤5.0 125 2.01±1.16
  >5.0   91 1.75±0.73
Lymph node
metastasis   3.104 0.002
  No 135 2.25±1.37
  Yes   81 1.73±0.81

Table Ⅱ. Comparison of baseline data between the study and 
control groups.

 Study Control
Items (n=216) (n=150) t/χ2 P-value

Age (years) 50.23±7.53 48.81±8.16 1.714 0.087
Gender   0.847 0.387
  Male 125 94
  Female   91 56
ALT (U/l) 64.28±31.28 59.65±33.61 1.351 0.177
AST (U/l) 71.37±35.49 68.22±40.28 0.789 0.430
r‑GT (U/l) 49.16±25.46 45.82±27.19 1.200 0.230
TBil (mol/l) 16.27±8.16 15.07±8.02 1.393 0.164
Glu (mmol/l) 6.12±1.29 5.87±1.15 1.905 0.057

ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
r‑GT, r‑glutamyl transferase; TBil, total bilirubin; Glu, glucose.

Figure 1. Expression level of miR-146a between the study and control groups. 
*P<0.001, compared with the control group.
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Discussion

Colon cancer is one of the most common types of malignant 
tumors in the digestive tract that affects 1.1 million new 
cases and causes approximately 500,000 deaths every year 
worldwide (12). Colon cancer at early stages usually shows no 
obvious symptoms, most patients are diagnosed at advanced 
stages and the best timing for treatment is missed. Therefore, 
early diagnosis and treatment is critical for the survival of 
colon cancer patients (13). The development of colon cancer 
is a complex and multi-stage process with multiple genes 
involved. At present, the pathogenesis of colon cancer is 
still unclear (14). Kulikov et al (15) have shown that the 
occurrence of colon cancer experiences normal mucosa, 
adenoma and cancer in 3 periods within 10-15 years. Early 
diagnosis and treatment can significantly improve the survival 
of patients (16). Therefore, prediction of the presence of tumor 
and its degree has great significance for the early diagnosis 
and treatment of colon cancer.

With the advantages of non-invasive nature, simple opera-
tion, clear images and high resolutions, CT scan is effective 
in the diagnosis of colon cancer. CT scan can be completed 
in one breath; Thus, this technique has been widely used 
in clinical practices (17). Diagnostic value of CT is mainly 
reflected by its morphological information. CT images can 
comprehensively and clearly show the gastrointestinal lesions. 
CT scan can be used to clearly reveal the luminal wall, cavity 
and diameter changes, as well as size of the tumor, conditions 
of surrounding tissues and lymph node metastasis to facilitate 
the development of preoperative programs and localization 
of tumors (18,19). miRNAs play an important regulatory 
role in various cellular processes such as cell proliferation, 
differentiation and apoptosis. miRNAs regulate the expres-
sion of oncogenes or tumor suppressor genes to play a role 
in occurrence, development, invasion and metastasis of many 
types of tumors, and can serve as targets for the treatment 
of cancers (20). miR‑146a plays a different role in a variety 
of malignant tumors, and is involved in tumorigenesis, 
tumor development, invasion and metastasis (21). Results of 
this study showed that the sensitivity of combined detection 
of CT and miR‑146a was 91.4% and specificity was 93.6%. 
Combined diagnosis significantly improved the diagnostic 
sensitivity and specificity of colon cancer. The relative expres-
sion level of miR‑146a in the study group was significantly 
lower than that of the control group, suggesting that miR-146a 
may be involved in the occurrence and development of colon 
cancer. The expression level of miR-146a in patients with 
high‑risk of invasion was significantly higher than that in 
patients with low-risk of invasion, and the relative expression 
level of miR-146a in patients with lymph node metastasis was 
significantly lower than that in patients without lymph node 
metastasis. Diagnosis using CT signs and relative expression 
level of miR-146a showed high consistency, indicating that 
the combined diagnosis using CT signs and miR-146a has 
good predictive values for the metastasis of colon cancer. 
Consistently, Shomali et al (22) showed that miR‑146a is 
downregulated in gastric cancer to cause the downregulation 
of the expression of UHRF1, thereby activating the demeth-
ylation of CDH4, SLIT3 and RUNX3 promoters and further 
participating in the development of gastric cancer. miR-146a 

is associated with lymph node metastasis in gastric cancer, 
and serum miR-146a may be used as a diagnostic marker for 
gastric cancer invasion and lymph node metastasis.

Pathological examination is the main method used for the 
diagnosis of cancer, and the accuracy is up to 99%. However, 
there are also some shortcomings. Pathological examination is 
invasive, and lymph node histological examination may miss 
minor metastasis. Pathological examination is also affected 
by subjective factors of pathologists, so accurate staging and 
typing of tumor tissue cannot be achieved (23). In this study, 
CT signs and miR-146a expression were combined to improve 
the early diagnosis of colon cancer. However, more clinical 
confirmations are still needed.

In summary, miR-146a may be involved in the occurrence 
and development of colon cancer. Combined detection of CT 
and miR‑146a may improve the sensitivity and specificity of 
the diagnosis of colon cancer and the prediction of the invasion 
and metastasis of colon cancer.
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