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Abstract: Background: The clinical significance and prognostic value of miR-23b have not been investigated in 
colon cancer. Methods: qRT-PCR was used to determine the expression level of miR-23b in human colon cancer 
tissue samples. The association of miR-23b expression with clinicopathologic variables was analyzed. Kaplan-Meier 
survival analysis was performed to analyze the association of miR-23b expression with overall survival of patients. 
Univariate and multivariate Cox regression analyses were performed. Results: The result of qRT-PCR showed that 
the tissue expression levels of miR-23b were significantly down-regulated in colon cancer samples compared with 
those in adjacent normal tissues (1.672 ± 0.824 vs. 3.348 ± 1.327; P<0.001). Low miR-23b expression was ob-
served to be significantly associated with advanced tumor stage (P<0.001), higher incidence of lymph node me-
tastasis (P=0.004), higher incidence of distant metastasis (P=0.002), and tumor differentiation status (P<0.001). 
Kaplan-Meier analysis showed that the shorter overall survival time was significantly correlated with the low expres-
sion level of miR-23b (log-rank test: P=0.006). Furthermore, multivariate analysis with Cox’s proportional hazards 
model confirmed that low miR-23b expression level was an independent predictor of poor prognosis for the colon 
cancer patients (Hazard ration=3.467; 95% CI: 1.455-15.864, P=0.005). Conclusion: This study indicated that 
down-regulation of miR-23b was associated with tumor progression and poor prognosis in colon cancer and was 
identified for the first time as an independent poor prognostic factor for colon cancer patients in Chinese population.
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Introduction

Colon cancer is one of the most common, lethal 
diseases worldwide [1]. In China, colon cancer 
has become the fifth malignancy and its inci-
dence has shown an obvious increasing trend 
over the decade [2]. Colon cancer patients with 
early stage can be treated successfully with 
surgical resection, and are most likely to be 
completely curative. However, for patients with 
advanced stage, tumor metastasis and chemo-
therapy resistance are the main reasons for  
its poor prognosis and high fatality rate [3]. 
Therefore, it is of great interest to search for 
valuable factors for early diagnosis for patients 
with a high risk of metastasis, prognosis pre-
diction and novel therapeutic strategies.

MicroRNAs (miRNAs) are small non-coding 
RNAs of 20-22 nucleotides. It represses gene 
expression through interaction with 3’-untrans-

lated regions (3’-UTRs) of mRNAs. miRNAs are 
predicted to target over 50% of all human pro-
tein-coding genes, enabling them to have 
numerous regulatory roles in many physiologi-
cal and developmental processes, including 
development, differentiation, apoptosis and 
proliferation, through imperfect pairing with tar-
get mRNAs of protein-coding genes and the 
transcriptional or post-transcriptional regula-
tion of their expression. Many miRNAs are 
deregulated in cancer. They are involved in 
tumorigenesis and function as oncogenes or 
tumor suppressor genes [4, 5].

MiRNA-23b (miR-23b), belonging to the miR-
23b~27b~24-1 cluster (9q22.32), has been 
described as a pleiotropic modulator in differ-
ent organs especially with regard to cancer 
development [6]. Previously, Zhang et al found 
that miR-23b was down-regulated in human 
colon cancer samples, and could potently 
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repress cancer cell migration, invasion, growth 
and angiogenesis both in vitro and in vivo. It 
directly regulated a cohort of prometastatic 
genes or oncogenes, including FZD7, MAP3K1, 
PAK2, TGFβR2, RRAS2 or uPA. Re-expression 
of these individual targets largely reversed  
miR-23-imposed invasion, whereas siRNA sil- 
encing each target impaired metastasis-rele-
vant traits [7]. However, until now, the clinical 
significance and prognostic value of miR-23b  
in colon cancer have not been investigated.

Materials and methods

Patients and samples

This study consisted of 110 patients with colon 
cancer. All patients were recruited at the 
department of gastrointestinal surgery, affiliat-
ed Yongchuan hospital of Chongqing medical 
university from March 2008 to December 
2015. One hundred and ten pairs of surgical 
specimens of colon cancer tissues and adja-
cent normal tissues were collected and imme-
diately placed in liquid nitrogen and then  
stored at -80°C until the isolation of RNA. 
Clinicopathological data including age, gender, 
location, tumor size, pathological stage, and 
tumor differentiation were collected. Overall 
survival time was defined as the time from sur-
gical resection to date of last follow-up or 
death. The diagnosis of all specimens was his-
topathologically confirmed by two pathologists 
and staging was determined according to the 
7th edition of cancer staging criteria of the 
American Joint Committee On Cancer (AJCC). 
The study was approved by the Research  
Ethics Committee of the Affiliated Yongchuan 
Hospital of Chongqing Medical University. Wri- 

tten informed consent was obtained from all  
of the patients.

RNA isolation and qRT-PCR

Total RNA was extracted from colon cancer  
tissues and matched normal adjacent tissues 
by homogenizing tissue in Trizol reagent (Invi- 
trogen, Carlsbad, California, USA) according to 
the manufacturer’s instructions. Primers for 
miR-23b and endogenous control U6 snRNA 
were obtained from Applied Biosystems (Fos- 
ter City, California, USA). The concentration  
and purity of RNA were determined spectro- 
photometrically using the NanoDrop ND-1000 
(NanoDrop Technologies, Wilmington, Dela- 
ware, USA). cDNA was generated using the 
PrimeScript RT reagent kit (Takara Co. Ltd, 
Dalian, China) in a 20 μl final reaction volume 
containing 0.5 μg of RNA, 0.5 μl Prime-Script 
RT enzyme mix, and 4 μl 5× PrimeScript buffer, 
and 1 μl RT primer, and incubated at 42°C for 
60 min and at 85°C for 5 min. Quantitative real-
time PCR assay was performed to evaluate 
miR-23b expression using SYBR Premix Ex Taq 
(Takara Co. Ltd) and measured in a LightCycler 
480 System (Roche, Basel, Switzerland). The 
amplification profile was denatured at 95°C for 
10 min, followed by 45 cycles of denaturation 
at 95°C for 15 s, annealing at 60°C for 30 s, 
and extension at 72°C for 1 min. Relative quan-
tification of miRNA expression was performed 
using the 2-ΔΔCT. The raw data were presented 
as the relative quantity of target miRNA, nor-
malized with respect to U6 snRNA and relative 
to a calibrator sample.

Statistical analysis

The comparison of the expression level of miR-
23b between colon cancer tissues and adja-
cent normal tissues was performed using the 
two-sample Student’s t test. The correlation 
between the expression of miR-23b and clinico-
pathological characteristics was assessed  
with the two-sample Student’s t test. The sur-
vival rate was computed by the Kaplan-Meier 
method, and the differences of survival rate 
between groups were evaluated with the log-
rank test. Multivariate analyses were conduct-
ed for the risk factors for colon cancer accord-
ing to the Cox’s proportional hazards model. All 
calculations were performed with the SPSS 
18.0 statistical software package (SPSS, Inc., 
Chicago, IL). P values<0.05 were considered as 
significant.

Figure 1. qRT-PCR detection of relative miR-23b ex-
pression in colon cancer tissues and adjacent nor-
mal tissues.
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cancer patients (Hazard ration=3.467; 95% CI: 
1.455-15.864, P=0.005, shown in Table 2).

Discussion 

The development of colon cancer is a complex 
process that requires a series of integrated 
steps including cellular neoplastic transfor- 
mation, unlimited growth, and the acquisition 
of invasive/metastatic properties, as well as 
immunologic escape. Although extensive inves-
tigation explored some important factors of 
colon cancer, the effect of various treatment 
approaches including surgical operation, che-
motherapy and immune cell based therapy 
remains limited because of the complex pro-
cess of development of colon cancer [8, 9]. 

Table 1. Relation between miR-23b expression and 
clinical characteristics in patients with colon cancer

Characteristics Cas-
es

Tissue miR-23b 
level

P value
Low 

(n=55)
High 

(n=55)
Age (years)
    ≥55  43 24 19 0.435 
    <55 67 31 36
Gender
    Female  37 19 18 0.500 
    Male  73 36 37
Smoking status
    No  21 8 13 0.332 
    Yes  89 47 42
Tumor size (cm)
    ≥3 63 34 29 0.441 
    <3 47 21 26
Lymph node metastasis
    No 75 30 45 0.004 
    Yes 35 25 10
Distant metastasis
    No 91 39 52 0.002 
    Yes 19 16 3
Histological subtypes
    Adenocarcinoma 66 37 29 0.173 
    Squamous cell carcinoma 44 18 26
Differentiation status
    Well  32 6 26 <0.001
    Moderate/poor 78 49 29
Clinical stage
    I-II  69 23 46 <0.001
    III-IV  41 32 9

cut-off value) and high miR-23b group 
(n=55, patients who expressed miR-23b 
at levels more than the cutoff value). Table 
1 summarized the association between 
miR-23b expression and clinicopathologic 
variables in colon cancer patients. By sta-
tistical analysis, low miR-23b expression 
was observed to be significantly associat-
ed with advanced tumor stage (P<0.001), 
higher incidence of lymph node meta- 
stasis (P=0.004), higher incidence of  
distant metastasis (P=0.002), and tumor 
differentiation status (P<0.001). How- 
ever, there were no significant difference 
between miR-23b expression and other 
variables of patients including gender 
(P=0.500), age (P=0.435), smoking sta-
tus (P=0.332), tumor size (P=0.441), and 
histological subtypes (P=0.173).

Relationship between miR-23b expres-
sion level and survival time

Totally, 110 patients were included for 
survival analysis. The miR-23b expression 
level was classified as high or low in rela-
tion to the median value. Next, the overall 
survival curves of colon cancer were 
charted using the Kaplan-Meier method. 
The results showed that the shorter over-
all survival time of colon cancer patients 
was significantly correlated with the low 
expression level of miR-23b (log-rank test: 
P=0.006, shown in Figure 2). The multi-
variate analysis with Cox’s proportional 
hazards model confirmed that low miR-
23b expression level was an independent 
predictor of poor prognosis for the colon 

Results 

Expression level of miR-23b and correlations 
with clinicopathological characteristics in co-
lon cancer

The result of qRT-PCR showed that the tissue 
expression levels of miR-23b were significantly 
down-regulated in colon cancer samples com-
pared with those in adjacent normal tissues 
(1.672 ± 0.824 vs. 3.348 ± 1.327; P<0.001, 
shown in Figure 1). After normalization to 
RNU6B expression levels, the median level of 
miR-23b in colon cancer tissues was used as a 
cutoff point to divide all 110 patients into  
two groups: low miR-23b group (n=55, patients 
who expressed miR-23b at levels less than the 
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pressors, depending on the cell type or tissue 
investigated and their target genes [14]. For 
example, the miR-34 family members are direct 
transcriptional targets of p53 and their expres-
sion induces cell cycle arrest in cancer cell lines 
[15]. miRNA-29 family members act as tumor 
suppressors through the restoration of a nor-
mal DNA methylation pattern [16].

It has been determined that miR-23b mediates 
the various steps in the metastatic process, 
including tumor growth, invasion, and even 
angiogenesis by repressing a cohort of promet-
astatic targets [7]. The concrete role of miR-
23b in carcinogenesis is complex and might 
depend on cancer types. Majid et al. showed 
that miR-23b played a tumor-suppressive role 
in prostate cancer by repressing Src kinase 
expression [17]. However, miR-23b can act as 
an oncogene in renal carcinoma via downregu-
lating the expression level of proline oxidase 
[18]. The clinical significance of miR-23b has 
been investigated in some types of cancer. For 
example, Janikova et al found that miR-23b was 
mostly downregulated in NSCLC samples and 
that its upregulation in tumors was connected 
with longer progression-free survival (P=0.065) 
and overall survival (P=0.048), indicating that 
miR-23b might serve as a suitable prognostic 
biomarker for NSCLC patients [19]. The study 
by Zhuang et al indicated that plasma miR-23b 
was overexpressed in gastric cancer patients 
and high plasma miR-23b expression was asso-
ciated with poor clinical outcome. Thus, plasma 
miR-23b might serve as a potential diagnostic 
biomarker and therapeutic target for gastric 
cancer [20]. Li et al found that the down-regula-
tion of miR-23b might function as tumor sup-
pressor through inhibiting the upregulation of 
RUNX2 in ovarian cancer and it was significant-
ly correlated with tumor aggressiveness and 
poor prognosis of patients with ovarian cancer, 
indicating it might be a potential prognostic 
marker for ovarian cancer [21]. 

The expression level and function of miR-23b 
have been investigated in colon cancer. Pre- 
viously, Zhang et al found that miR-23b was 
down-regulated in human colon cancer sam-
ples, and could potently repress cancer cell 
migration, invasion, growth and angiogenesis 
both in vitro and in vivo. It directly regulated a 
cohort of prometastatic genes or oncoge- 
nes, including FZD7, MAP3K1, PAK2, TGFβR2, 
RRAS2 or uPA. Re-expression of these individu-

Therefore, the goal to attain a more thorough 
understanding of the molecular biology, genetic 
causes, and cellular origin of colon cancer is of 
great significance in the development of 
improved therapeutic strategies and in the 
identification of prognostic markers.

Tumorigenesis is a process that results from 
genetic lesions and epigenetic changes. Sear- 
ching for alterations in the colon cancer gen- 
ome and identifying novel cancer-related  
genes is a focus for research for the treat- 
ment of cancer. Recently, researchers have 
begun to understand that miRNAs are also 
involved in cancer-related processes in hum- 
ans, such as the regulation of cancer prolifera-
tion, differentiation, angiogenesis, apoptosis, 
and metastatic potential [10]. miRNAs function 
as negative endogenous gene-expression regu-
lators by binding complementary sequences in 
target mRNAs, resulting in their selective deg-
radation or selective steric inhibition of transla-
tion [11]. Therefore, miRNAs are involved in a 
wide range of biological functions [12]. Aberrant 
miRNA expression has been reported to be 
involved in the pathogenesis of Alzheimer’s  
disease, cardiovascular disease, spinal motor 
neuron anomalies, and numerous others [13]. 
Furthermore, deregulated expression of miR-
NAs has been identified in a variety of human 
malignancies, suggesting that miRNAs function 
as potential oncogenic factors or tumor sup-

Figure 2. Kaplan-Meier curve for overall survival in 
colon cancer patient with low versus high miR-23b 
expression.
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