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Abstract: Colorectal cancer (CRC) is one of most common cancers and a leading cause of cancer-related death 
around the world. Identification of reliable biomarkers contributes to facilitate disease detection of this malignancy. 
This study aimed to explore the serum miR-106b expression in CRC and its potential clinical significance. Quantita-
tive real-time polymerase chain reaction (qRT-PCR) was performed to measure the miR-106b expression levels in 
the serum from 122 CRC patients, 40 advanced adenomas and 50 healthy individuals. Serum miR-106b levels 
were significantly increased in CRC patients compared to healthy controls. Elevated serum miR-106b expression 
occurred more frequently in CRC patients with lymph node metastasis and distant metastasis. Moreover, receiver 
operating characteristic (ROC) curve analysis revealed that serum miR-106b could well discriminate CRC patients 
from healthy controls. In addition, miR-106b levels were greatly reduced in post-operative samples from CRC cases 
with early clinical stage. Furthermore, increased miR-106b expression was positively correlated with aggressive 
clinical variables and poor prognosis. Finally, serum miR-106b was identified as an independent prognostic predic-
tor for CRC. Collectively, our findings suggest serum miR-106b might potentially serve as a promising biomarker in 
the diagnosis and prognosis of CRC.
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Introduction

Colorectal cancer (CRC), which represents the 
fifth leading cause of malignant tumor-related 
deaths in China, is one of the most common 
cancers worldwide [1, 2]. Although various 
treatment strategies including surgical resec-
tion, chemotherapy and radiotherapy have 
been developed over the past decades, the 
clinical outcome and prognosis of advanced 
CRC remains unfavorable [3, 4]. Unfortunately, 
most patients with CRC are diagnosed at late 
stages, leading to dismal five-year overall sur-
vival [5]. Hence, identification of reliable mark-
ers for improving the prognosis of this disease 
are urgently required. 

MiRNAs (miRNAs) are small non-coding RNAs 
RNA molecules (19~24 nt) that negatively regu-
late the expression of target messenger RNA 
(mRNA), resulting in either mRNA degradation 
or inhibition of its translation [6, 7]. Previous 
studies have revealed that miRNAs are aber-

rantly expressed in diverse cancers and 
involved in the process of cell growth, invasion, 
and apoptosis [8, 9]. Since miRNAs are highly 
stable in the plasma or serum, many serum 
miRNAs, such as miR-200c [10], miR-218 [11] 
or miR-21 [12], are used as biomarkers for CRC 
patients. Advanced adenoma (AD) is consid-
ered a high risk factor for CRC. It is defined as 
an adenoma (at least 10 mm) with significant 
villous components or high-grade dysplasia, 
representing the small subpopulation of adeno-
mas that may ultimately progress to invasive 
cancer [13, 14].

MiR-106b, located at Chr7, was found to be dys-
regulated in various cancers. For example, miR-
106b was upregulated in CRC [15-17], cervical 
cancer [18], hepatocellular carcinoma [19-21], 
laryngeal carcinoma [22, 23], melanoma [24] 
and pituitary adenoma [25], while downregulat-
ed in ovarian carcinoma [28] and gastric cancer 
[29]. However, no previous study had reported 
the role of serum miR-106b as an indicator for 
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Table 1. Clinical characteristics of 122 subjects and serum miR-
106b expression in CRC 

Variables Total case
MiR-106b

P value
Low (n=57) High (n=65)

Sex 0.257
    Male 75 32 (42.7%) 43 (57.3%)
    Female 47 25 (53.2%) 22 (46.8%)
Age (years) 0.912
    <59 67 31 (46.3%) 36 (53.7%)
    ≥59 55 26 (47.3%) 29 (52.7%)
Distant metastasis 0.005
    Yes 24 5 (20.8%) 19 (79.2%)
    No 98 52 (53.1%) 46 (46.9%)
Lymph node invasion 0.013
    Yes 53 18 (34.0%) 35 (66.0%)
    No 69 39 (56.5%) 30 (43.5%)
Tumor size 0.255
    <6 cm 77 39 (50.6%) 38 (49.4%)
    ≥6 cm 45 18 (40.0%) 27 (60.0%)
Tumor location 0.243
    Colon 51 27 (52.9%) 24 (47.1%)
    Rectum 71 30 (42.3%) 41 (57.7%)
Differentiation 0.130
    Well/Moderate 93 47 (50.5%) 46 (49.5%)
    Poor 29 10 (34.5%) 19 (65.5%)
Tumor invasion 0.062
    T1/T2 43 25 (58.1%) 18 (41.9%)
    T3/T4 79 32 (40.5%) 47 (59.5%)
TNM stage <0.001
    I/II 70 46 (65.7%) 24 (34.3%)
    III/IV 52 11 (21.2%) 41 (78.8%)

CRC detection. In this study, 
we sought to assess the clini-
cal significance of serum miR-
106b as a potential biomarker 
for CRC and AD diagnosis.

Materials and methods

Study population

This study was approved by 
the Ethics Committee of the 
Second Hospital of Shandong 
University. Written informed co- 
nsent was provided by all par-
ticipants. All specimens were 
handled and made anonym- 
ous according to the ethical 
and legal standards.

A total of 122 CRC patients, 
40 AD patients and 50 healthy 
individuals as controls were 
included in this study. All 122 
CRC cases had a clear histo-
logic diagnosis, and none of 
them had received any treat-
ment prior to surgery. Cancer 
staging was performed based 
on the fifth edition of the Am- 
erican Joint Commission on 
Cancer TNM criteria. The de- 
tailed information was obta- 
ined from their clinical and 
pathologic records and list in 
Table 1. Overall survival (OS) 
was defined as the time from 
diagnosis to the date of death 
or last follow up. Recurrence 
free survival (RFS) was defined 
as the time from diagnosis to 
the date of recurrence or 
death or last follow up.

Blood samples and RNA 
extraction

Peripheral blood was with-
drawn from each participant 
and collected in EDTA-con- 
taining tubes. Blood samples 
were centrifuged at 2000 g for 
10 min within an hour, and the 
supernatant was collected 
and centrifuged at 12000 g 
for 10 min, and stored at 

Figure 1. Serum miR-106b levels in CRC and advanced adenoma (AD) cases 
were higher than those of controls.
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-80°C for RNA extraction. Total RNA was isolat-
ed from serum using Trizol reagent (Invitrogen, 
Carlsbad, CA, US) according to the manufac-
turer’s instructions, and RNA purity and con-
centrations were determined by a NanoDrop 
ND-1000 spectrophotometer (Wilmington, DE, 
US) at 260 and 280 nm. 

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Real-time PCR was carried out using a Taqman 
MicroRNA Assay Kit (Applied Biosystems, 
Foster City, CA, USA) on a 7500-fast real-time 
system (Applied Biosystems, Foster City, CA, 

regression analysis was performed to assess 
the association between hazard ratio (HR) and 
survival. P<0.05 was considered statistically 
significant.

Results

Serum miR-106b expression is upregulated in 
CRC samples

MiR-106b levels in all samples were measured 
using qRT-PCR. The levels of miR-106b were 
significantly elevated in CRC patients and AD 
cases compared with the controls (Figure 1, 
both P<0.05). Moreover, CRC patients with dis-

Figure 2. A. Serum miR-106b expression was higher in patients with dis-
tant metastasis. B. Serum miR-106b expression was higher in patients with 
lymph node metastasis.

USA). Cer-miR-39 was used as 
an internal control, and the 
relative amount of miR-106b 
to cer-miR-39 was calculated 
using the 2-ΔΔCt method. The 
primers were as follows: miR-
106b primer, 5’-GACGCTAAA- 
GTGCTGACAGT-3’ (forward), 5’- 
GTGCAGGGTCCGAGGT-3’ (rev- 
erse); cer-miR-39 primer, 5’- 
CAGAGTCACCGGGTGTAAAT- 
3’ (forward), 5’-CCAGTGCGTG- 
TCGTGGAGTC-3’ (reverse). All 
qRT-PCRs were performed in 
triplicate. 

Statistical analysis

All analyses were conducted 
using IBM SPSS 16.0 software 
(SPSS Inc, Chicago, IL, USA). 
The significance in serum miR-
106b levels between groups 
was compared with the Mann-
Whitney U test or Kruskal-Wa- 
llis test. Chi-square test was 
used to evaluate the relation-
ship between miR-106b levels 
and clinicopathological char-
acteristics. Receiver-operator 
characteristic (ROC) curve and 
the area under the ROC curve 
(AUC) was performed to ass- 
ess the CRC detection poten-
tial of miR-106b. Cumulative 
survival rates were calculat- 
ed by Kaplan-Meier method 
with log-rank tests. Multivaria- 
te Cox proportional hazards 
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tant metastasis exhibited higher miR-106b 
expression levels than those without (Figure 
2A, both P<0.01). Likewise, a significantly 
increased miR-106b expression was observed 
in CRC patients with lymph node metastasis 
compared to those without (Figure 2B, both 
P<0.01).

The diagnostic value of miR-106b for CRC and 
AD

Next, ROC curve analysis was performed to 
validate the diagnostic potential of miR-106b 

as a non-invasive biomarker. As depicted in 
Figure 3A, serum miR-106b could successfully 
discriminate CRC patients from controls with 
an AUC of 0.869, and the diagnostic sensitivity 
and specificity were 85.2% and 78.0%, respec-
tively. In addition, Figure 3B showed that serum 
miR-106b could be considered as a promising 
indicator for discriminating AD cases from 
healthy individuals, with a sensitivity and speci-
ficity of 72.5% and 76.0%, respectively (AUC: 
0.776). 

Relationship between serum miR-106b expres-
sion and clinical characteristics

Subsequently, the pre-operative serum was 
classified into high miR-106b and low miR-106b 
expression groups by using the median miR-
106b value, and was shown in combination 
with the clinical features of CRC subjects in 
Table 1. Results revealed that serum miR-106b 
expression levels were closely correlated with 
TNM stage, distant metastasis and lymph node 
metastasis (all P<0.05). However, no significant 
difference was noted between serum miR-106b 
expression and sex, age, tumor size, tumor 
location, differentiation, as well as tumor inva-
sion (all P>0.05).

Relationship of serum miR-106b expression 
with treatment response

The changes of serum miR-106b levels in sev-
enty CRC patients with stage I/II were detected 
before and 1-3 months after treatment. In- 
terestingly, a statistically significant reduction 
in miR-106b level was observed (Figure 4, 
P<0.05).

Serum miR-106b expression and prognosis

To evaluate the prognostic significance of miR-
106b, Kaplan-Meier survival analysis and mul-
tivariate analysis were carried out. The data 
demonstrated that CRC patients in the high 
miR-106b group had a significantly shorter OS 
(P=0.018, Figure 5A) and RFS (P=0.014, Figure 
5B) than those in the low miR-106b group. By 
multivariate analysis, serum miR-106b (OS: 
HR=3.43, 95% CI=1.91-5.24, P=0.005; RFS: 
HR=3.87, 95% CI=2.15-5.71, P=0.002), distant 
metastasis (OS: HR=2.33, 95% CI=1.42-3.35, 
P=0.018; RFS: HR=3.15, 95% CI=1.76-4.78, 
P=0.007), lymph node metastasis (OS: HR= 
2.56, 95% CI=1.51-3.63, P=0.015; RFS: HR= 
3.04, 95% CI=1.72-4.52, P=0.008) and TNM 

Figure 3. A. Diagnostic potential of serum miR-106b 
for CRC. B. Diagnostic potential of serum miR-106b 
for advanced adenoma (AD).
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stage (OS: HR=4.12, 95% CI=2.23-6.26, 
P=0.001; RFS: HR=5.23, 95% CI=2.56-8.17, 
P<0.001) were confirmed to have significant 
correlations with OS/RFS, suggesting all of 
these variables were potential risk factors for 
OS/RFS in CRC (Table 2).

Discussion

The current study investigated the potential 
clinical utility of miR-106b to serve as a diag-
nostic and prognostic marker in CRC patients. 
We found that serum miR-106b levels were 
highest in CRC cases, and significantly lower in 
healthy controls. Serum miR-106b expression 
was frequently and highly expressed in CRC 
patients with lymph node metastasis and dis-
tant metastasis. Moreover, ROC analysis 
showed serum miR-106b levels had high sensi-
tivity and specificity in CRC diagnosis. Next, the 
serum concentration of miR-106b was dramati-
cally reduced in the blood samples from I/II 
stage CRC patients after surgery. Also, high 
serum miR-106b expression was associated 
with aggressive clinical variables and worse 
OS/RFS, and emerged as an independent prog-
nostic indicator in CRC patients.  

Several previous reports suggested that miR-
106b played an oncogenic role in CRC. Zhang et 
al reported miR-106b overexpression was 
observed in both metastatic CRC tissues and 
cell lines, and strongly correlated with worse 

under normal and ionizing radiation conditions. 
Both PTEN and p21 were confirmed to be the 
target genes [17]. Our data are consistent with 
the findings of these reports.

Besides CRC, accumulating evidence had sug-
gested that miR-106b exerted oncogenic prop-
erties in various human cancers. Cheng et al 
demonstrated that miR-106b was highly ex- 
pressed in tissues and cell lines of cervical can-
cer. Overexpressed MiR-106b, downregulating 
the expression of DAB2, greatly promoted the 
migration ability of cancer cell lines, and vice 
versa [18]. In hepatocellular carcinoma (HCC), 
Yen et al reported miR-106b expression was 
dramatically elevated in hepatitis B virus-asso-
ciated HCC tissues, and its expression was 
inversely associated with shorter survival and 
poor differentiation of patients [19]. Likewise, 
increased miR-106b expression was found in 
HCC tissues, and highly correlated with reduced 
overall survival and aggressive clinical param-
eters [20]. Another report by Yau et al reported 
miR-106b was upregulated in HCC tissues. 
High miR-106b expression not only occurred 
more frequently in HCC patients with higher 
tumor grade, but also enhanced cell motility 
ability in vitro and metastatic ability in vivo [21]. 
In laryngeal carcinoma, miR-106b levels were 
dramatically lower in low stage carcinoma tis-
sues than those with high stage, and repres-
sion of miR-106b significantly reduced cancer 
cell proliferation and stimulated cell cycle G0/

Figure 4. Changes of serum miR-106b levels in paired blood samples of 
early stage CRC patients.

clinical variables and short- 
er survival. Furthermore, high 
miR-106b expression stimula- 
ted cancer cell migration and 
invasion, and DLC1 was identi-
fied as its downstream target 
gene [15]. Wang et al per-
formed a miRNA microarray 
and showed miR-106b was 
higher in colonic cancer tis-
sues without lymph node me- 
tastasis than that in the para-
cancerous tissues [16]. In vi- 
tro and in vivo analysis reve- 
aled CRC cell lines that ex- 
press high miR-106b levels 
were more resistant to ioniz-
ing radiation, while miR-106b 
knockdown produced an op- 
posite effect. Moreover, miR-
106b upregulation increased 
the tumor-initiating cell ability 
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G1 arrest via targeting RB 
[22], or inhibited tumorigene-
sis through targeted regula-
tion of RUNX3 [23]. In mela-
noma, Prasad et al verified 
that an inverse association 
between miR-106b and the 
levels of p21/WAF1/Cip1 pro-
tein in cancer cells. Deregu- 
lated miR-106b expression re- 
pressed cell viability and pro-
liferation, as well as resulted 
in cell cycle G0/G1 arrest in 
cells [24]. Zheng and colle- 
agues found significantly high-
er miR-106b expression in pi- 
tuitary adenoma tissues than 
that in normal samples. MiR-
106b silencing greatly sup-
pressed tumor cell prolifera-
tion, migration, invasion and 
anchorage-independent grow- 
th by directly regulating PTEN 
via PI3K/Akt pathway [25]. 
Similarly, Li et al reported miR-
106b directly targeted PTEN, 
affected the activation of PI- 
3K/Akt signal pathway, and 
enhanced tumorigenic prop- 
erties of breast cancer (BC) 
cells in vitro and in vivo. Furth- 
ermore, miR-106b was overex-
pressed both in BC tissues 
and cell lines [26]. However, Ni 
et al demonstrated that miR-
106b expression was nega-
tively correlated with the ex- 
pression of MMP2, which was 
closely related to bone metas-
tasis. In addition, in vitro evi-
dence showed ectopic miR-
106b expression markedly su- 
ppressed the carcinogenesis 
of BC cells [27].

Additionally, miR-106b was re- 
ported to act as a tumor sup-
pressor in some cancer types. 
In ovarian carcinoma, reduced 
miR-106b expression was fo- 
und in cancerous tissues and 
inversely associated with wo- 
rse cancer phenotype. Forced 

Figure 5. A. Patients with low miR-106b expression had a longer overall sur-
vival. B. Patients with low miR-106b expression had a longer recurrence-free 
survival.

Table 2. Multivariate analysis for OS/RFS of CRC patients

Clinical characteristic 
Multivariate analysis

HR (95% CI) P value
Overall survival
    Serum miR-106b, high vs. low 3.43 (1.91-5.24) 0.005
    Distant metastasis, yes vs. no 2.33 (1.42-3.35) 0.018
    Lymph node invasion, yes vs. no 2.56 (1.51-3.63) 0.015
    TNM stage, III/IV vs. I/II 4.12 (2.23-6.26) 0.001
Recurrence-free survival 
    Serum miR-106b, high vs. low 3.87 (2.15-5.71) 0.002
    Distant metastasis, yes vs. no 3.15 (1.76-4.78) 0.007
    Lymph node invasion, yes vs. no 3.04 (1.72-4.52) 0.008
    TNM stage, III/IV vs. I/II 5.23 (2.56-8.17) <0.001
HR, hazard ratio; CI, confidence interval.
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miR-106b expression significantly decreased 
cell migration in vitro and attenuated tumor 
growth in nude mice model [28]. The expres-
sion of serum miR-106b was greatly downregu-
lated in patients with gastric cancer and benign 
gastric diseases compared to healthy volun-
teers, and a significant correlation was found 
between reduced miR-106b expression and 
elderly patients [29]. Based on these contro-
versial findings, we suggest that the diverse 
function of miR-106b might depend on differ-
ent tumor types.

In the current study, we demonstrate that 
serum miR-106b not only shows a high specific-
ity and sensitivity for CRC diagnosis, but also 
has important clinical significance for the prog-
nosis of CRC patients. Thus, serum miR-106b 
may serve as a non-invasive and promising 
indicator for patients with CRC. 
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