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Abstract: Objectives: To investigate the potential clinical utility of miR-103 as noninvasive diagnostic, prognostic and
metastasis-predictive biomarker in patients with colorectal cancer (CRC). Methods: 108 patients scheduled to undergo surgery in Department of Gastrointestinal Surgery, Ningbo NO. 2 hospital from July, 2009 to September, 2015
were enrolled in this study. Blood samples were collected from all the 108 CRC patients and 53 volunteers for the
evaluation of miR-103. The association between serum expressions of miR-103 with clinicopathological characteristics and overall survival rate in CRC patients were analyzed. Results: The expressions of miR-103 were significantly
elevated in the serum of CRC patients compared with the matched healthy controls (P<0.01). The patients with TNM
stage of II-IV were all with significantly higher expressions of miR-103 than those patients with TNM stage I (P<0.01).
Receiver operating characteristic (ROC) curve analysis suggested that serum miR-103 was a useful biomarker for
discriminating CRC from healthy controls (P<0.001), with the areas under the ROC curve (AUC) of 0.883, 95% confidence interval (CI) of 0.833 to 0.933. High expressions of miR-103 was a significant impact factor for overall survival
rate of CRC patients by the Kaplan-Meier analysis with log-rank test. Conclusions: The serum expression of miR-103
might be used as a robust diagnostic, prognostic and metastasis predictive biomarker in patients with CRC.
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Introduction
Colorectal cancer (CRC) has been reported as a
major cause of cancer mortality worldwide with
considerable health burden [1]. The overall incidence of CRC is as high as 5% in the general
population and the 5-year survival rate is 40%60% [2]. The prognosis mostly relies upon the
morphology and histopathology stage of the
tumor [3]. The diagnostic values are relatively
limited due to the high costs, lack of sensitivity
and inconvenience, resulting in the diagnosis at
an advanced stage and poor prognosis [4].
Early stage diagnosis of CRC by noninvasive
approaches could reduce the mortality and
improve the prognosis [5]. MicroRNAs (miRNAs)
are single-stranded, non-coding RNA strands of
19-25 nucleotides that regulate the translation
of specific protein coding genes in mammals
[6]. Recent studies have revealed that miRNAs
played important roles in a variety of biological

and pathological processes [7]. miRNAs were
also reported to be involved in many key cellular
processes, including cell cycle, proliferation,
apoptosis, metastasis, metabolism, gene regulation and cancer development [8-10]. Moreover, many researchers have focused themselves on searching for the association between
miRNA expressions and CRC. A small fraction of
the differentially expressed miRNAs may be of
clinical utility as potential diagnostic, prognostic biomarkers or even therapeutic targets for
CRC [11]. Previous studies have revealed that
miR-103 is one of the most significantly up-regulated miRNAs in colorectal cancers and the
inhibition of miR-103 could apparently repress
the proliferation of colorectal cancer cells [11,
12]. However, the diagnostic and prognostic
values of serum miR-103 expression in CRC still
remains unclear to date. The aim of this study
was to evaluate the clinical significance of
serum miR-103 expression in CRC.
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Table 1. Clinical characteristics of patients with
colorectal cancer and control participates in this study
Patients
Control
P(n=108)
(n=53)
value
51.8±13.5 49.7±11.0 0.327

Age (year)
Gender
Male
63 (44.8%) 30 (37.0%)
Female
45 (55.2%) 23 (63.0%) 0.835
BMI (kg/m2)
22.5±2.8 22.4±3.5 0.845
Location of primary tumor
Colon
67
—
—
Rectum
41
—
—
Tumor size (cm)
≥5
38
—
—
<5
70
—
—
Tumor differentiation
Poorly
29
—
—
Moderately
45
—
—
Well
34
—
—
TNM stage
I
17
—
—
II
33
—
—
III
37
—
—
IV
21
—
—
Distant metastasis
Yes
27
—
—
No
81
—
—
Lymph node metastasis
Yes
57
—
—
No
51
—
—

in the present study as control. Blood samples were collected from all the 108 CRC
patients on the day of admission and from
the 53 healthy volunteers in the clinic. The
fast peripheral venous blood (5 ml) was
drawn and placed at room temperature for
1 h. And then the obtained samples were
centrifuged (1000 g, 10 min, 4°C) to spin
down the blood cells. All the serum samples were than stored at -80°C for further
use. The overall survival (OS) time was calculated from the date of surgery to death.
All the CRC patients were followed up every
3-6 months until September, 2015 with a
median period of 61 months (11-73
months). The detailed clinical and pathologic characteristics of the CRC patientsare were summarized in Table 1.
RNA isolation and quantitative real-time
PCR
The miRNeasyTM RNA isolation kit (Qiagen,
Valencia, CA, USA) was used for the isolation of miRNA from serum samples according to the manufacturer’s instructions. The
miRNA expression was detected and quantified by using TaqMan miR real-time quantitative reverse-transcription PCR (qRTPCR) (AppliedBiosystems, Foster City,
California, USA). The 2-ΔΔCt method according to the manufacturer’s guidelines was
used for the analysis of relative miRNA
expression, with miR-16 as endogenous
controls.

Material and methods

Statistical analysis

Patients and samples

Student’s t-test was used for the evaluation of
differences between groups. The correlations
analysis between serum miR-103 expression
and clinicopathologic features of CRC patients
were performed by using Fisher’s exact or Chisquare test. Kaplan-Meier method, log-rank
test and multivariate Cox regression analysis
were used for the survival analysis. The prediction of cut-off values was analyzed by using
receiver operating characteristic (ROC) curve.
Bilateral probability and P<0.05 was accepted
as statistically significant.

This study was approved by the Medical Institutional Ethics Committee of Zhejiang province.
One hundred and eight patients scheduled to
undergo surgery in Department of Gastrointestinal Surgery, Ningbo NO. 2 hospital from
July, 2009 to September, 2015 were enrolled in
this study.
The detailed inclusion criteria were that
patients confirmed with CRC pathologicallyand
(1) without history of other cancers; (2) no history of preoperative treatment (radiotherapy or
chemotherapy); (3) can persist the follow-up;
(4) with written informed consent. Exclusion criteria were patients with (1) history of other surgery within 6 months; (2) incomplete clinical
information or hardly follow-up. In addition,
total 53 healthy volunteers were also enrolled
14213

Results
Serum expressions of miR-103 in healthy controls and CRC patients
We examined the expressions of miR-103 in
the serum sample obtained from the 108 CRC
Int J Clin Exp Med 2016;9(7):14212-14218
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Figure 1. The serum expressions of miR-103 and clinicopathologic features of CRC patients. A. Serum miR-103
expressions in healthy controls and CRC patients. Serum expressions of miR-103 were significantly elevated in CRC
patients in comparison with the matched healthy controls (P<0.01). B. Serum miR-103 expressions in different TNM
stages. The patients with TNM stage of II, III and IV were all with significantly higher expressions of miR-103 than
those patients with TNM stage I (P<0.01). C. Serum miR-103 expressions and distant metastasis. The serum miR103 expressions in patients with distant metastasis were significantly higher than those without distant metastasis
(P<0.01). D. Serum miR-103 expressions and lymph node metastasis. Compared with those who didn’t develop
lymph node metastasis, the serum expressions of miR-103 in patients with metastasis were increased (P<0.01).

patients and 53 healthy controls by RT-qPCR.
As shown in Figure 1A, the expressions of miR14214

103 were significantly elevated in the serum of
CRC patients compared with the healthy conInt J Clin Exp Med 2016;9(7):14212-14218
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Serum expressions of miR-103 and
clinicopathological characteristics in
CRC patients
Patients were divided into two groups
according to the detected serum miR103 expressions and the obtained
cut-off value, high expression group
(above the cut-off value) and low
expression group (less than the cutoff value). Then we investigated the
associations between serum miR103 expressions and clinicopathological characteristics of CRC patients. The results of Table 2 showed
that the serum expressions of miR103 was statistically correlated with
tumor size, tumor differentiation,
TNM stage, the presence of distant
metastasis or lymph node metastasis (P<0.05).
Figure 2. The analysis of diagnostic value of serum miR-103 for CRC
by receiver operating characteristics (ROC) curve analysis. The areas
under the ROC curve (AUC) was 0.883, and 95% confidence interval
was 0.833 to 0.933 (P<0.001).

trols (P<0.01). The patients with TNM stage of
II, III and IV were all with significantly higher
expressions of miR-103 than those patients
with TNM stage I (Figure 1B, P<0.01). In addition, we also attempted to investigate the association between serum miR-103 levels and
tumor metastasis. The results showed that the
serum miR-103 expressions in patients with
distant or lymph node metastasis were significantly higher than those without metastasis
(P<0.01).
After the basis of observtions of different
serum miR-103 levels in CRC patients and
healthy controls, we subsequently focused on
validating and further exploring the diagnostic
value of serum miR-103 for CRC. As supported
by the results of ROC curve analysis (Figure 2),
serum miR-103 may be a useful biomarker for
discriminating CRC from healthy controls
(P<0.001), with the areas under the ROC curve
(AUC) of 0.883, 95% confidence interval (CI) of
0.833 to 0.933. Moreover, the cut-off value of
serum miR-103 level was 2.085 with a sensitivity of 77.8% and a specificity of 84.9%.
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Serum expressions of miR-103 and
overall survival rate

The associations between serum
expressions of miR-103 and overall
survival rate in CRC patients were
presented in Figure 3. High expressions of miR103 was a significant impact factor for overall
survival rate of CRC patients by the KaplanMeier analysis with log-rank test. To evaluate
the independent prognostic parameters for the
prognosis of CRC patients, multivariate analysis with Cox regression analysis was utilized.
The results suggested that serum miR-103
level was an independent prognosis factor for
the overall survival as well as the other clinicopathological characteristics including tumor
differentiation, TNM stage, distant metastasis
and lymph node metastasis (shown in Table 3).
Discussion
Along with the progress in the diagnosis and
prognosis of CRC, exploring ideal biomarkers to
improve early detection screening and prognostic methods is still needed. miRNAs were easy
to measure and proved to have a potential
strong association with clinical outcomes [13].
Deregulation of miRNA expression has been
widely demonstrated in CRC [14] and many
other types of cancers [15]. The aberrant
expression of certain miRNA has a close corre-
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Table 2. The serum expression of miR-103 and
clinicopathological characteristics in patients with
colorectal cancer
Parameters
Age (year)
≥60
<60
Gender
Male
Female
Location of primary tumor
Colon
Rectum
Tumor size (cm)
≥5
<5
Tumor differentiation
Poorly
Moderately
Well
TNM stage
I
II
III
IV
Distant metastasis
Yes
No
Lymph node metastasis
Yes
No

n

Relative expression
Pof serum miR-103 value
High
Low

49
59

20
28

29
31

0.478

63
45

27
21

36
24

0.695

67
41

31
17

36
24

0.626

38
70

29
19

9
51

<0.01

29
45
34

19
22
7

10
23
27

0.001

17
33
37
21

3
10
18
17

14
23
19
4

<0.01

27
81

19
29

8
52

0.002

57
51

33
15

24
36

0.003

Figure 3. The overall survival and serum expressions of
miR-103 by analysis of Kaplan-Meier survival curves. The
overall survival rates of patients with high expressions of
miR-103 were lower than those with low expressions of
miR-103 (P<0.001).
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lation with tumorigenesis because of its
location at fragile sites or cancer-associated regions of the genome [16]. It has been
revealed by previous studies that circulating miRNAs are not only derived from tumor
and blood cells, but also from cancer or
other tissue cells affected by the disease
[17]. The association between tumors and
serum miRNA expressions was widely
reported [18], which strongly suggested the
application of serum miRNAs as potential
molecular biomarkers inthe early diagnosis
and prognosis of tumors [19].
This study aimed to investigate the potential clinical utility of miR-103 to serve as
noninvasive diagnostic, prognostic and metastasis-predictive biomarker in CRC patients. To this end, we performed independent validation experiments by using a
cohort of serum sample from 108 CRC patients and 53 healthy controls. The results
strongly provided the evidence that serum
expressions of miR-103 in patients with
CRC were significantly higher than in healthy
controls. Furthermore, expressions of miR103 were much higher in patients with TNM
stage II-IV than those with TNM stage I. In
addition, serum miR-103 level was a useful
noninvasive diagnostic biomarker for the
discrimination between CRC cases and
healthy control subjects, with a sensitivity
of 77.8% and specificity of 84.9% at the cutoff value of 2.085 with Youden Index correction [20] by ROC curve analysis. Moreover, high serum miR-103 levels were also
significantly associated with tumor size,
tumor differentiation, clinical TNM stage,
the presence of distant metastasis or lymph
node metastasis. From Figure 3, the results of
Kaplan-Meier analysis with the log-rank test
revealed that high serum expression of miR103 was significantly correlated with a lower
overall survival rate. As shown in Table 3, the
multivariate analysis indicated that serum miR103 could serve as an independent prognostic
biomarker in patients with CRC. Previous studies have demonstrated that miR-103 is universally up-regulated in colorectal cancer cells and
carcinoma tissues. The increased miR-103
expression might contribute to tumor malignant phenotype and tumor development and
miR-103 might be a new potential therapeutic
target for colorectal carcinoma treatment [12].
Previous studies have also shown that miR-103
is involved in various biological and pathologiInt J Clin Exp Med 2016;9(7):14212-14218
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Table 3. Multivariate analysis of overall survival in 108 patients with colorectal cancer by Cox regression analysis
Parameter
Age
Gender
Location of primary tumor
Tumor size
Tumor differentiation
TNM stage
Distant metastasis
Lymph node metastasis
Relative miRNA-103 expression

HR
0.824
1.063
1.145
1.547
2.314
5.842
31.798
21.231
5.757

Overall survival
95% CI
0.472-1.432
0.585-1.921
0.554-2.354
0.769-3.012
1.242-4.289
1.643-18.892
14.543-85.653
7.685-68.334
3.059-11.816

cal processes, including the modulation of glucose homeostasis and insulin sensitivity [21].
miR-103 was also significantly down-regulated
in heart failure (HF) and it might be a useful biomarker for the diagnosis of HF by a recent
report [22]. miR-103 was able to promote the
growth and invasion of endometrial cancer cell
lines by down-regulating the expression of the
tumor suppressor gene tissue inhibitor of
metalloproteinase 3 (TIMP-3) [23]. Recent
studies have revealed that miR-103 was overexpressed in colorectal cancer as an oncogenic
miRNA by targeting DAPK, KLF4 and PER3 [20],
however, the exact role of miR-103 in the
growth and metastasis of CRC still remains
unknown [24].
In conclusion, this present study demonstrated
thatthe serum expression of miR-103 might be
used as a robust diagnostic, prognostic and
metastasis predictive biomarker in patients
with CRC.

P value
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0.840
0.711
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<0.001
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